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* ABSTRACT 4 . . 

' -s This course is one of' several subcourses that make up 

t the entire Army correspondence course on wheeled vehicle maintenance. 
-,-The subcourse is designed to provide the student -with;. information 
about the operation, malfunction vdiagnosis, maintenance; and xepair 
o,f wheeled vehicle steering systems. It provides, the .basic theory, 
and also includes dn-ther job* taste assignments. The subcourse 'is 

ed into . f i ve lessons covering the, following topics : fundamentals 
of hydraulics; introduction to wheeled steering systems; maintenance 
of mechanical steering gear assemblies; maintenance of power steering 
gears; and maintenance of .steering linjkages. Each lesson contains 
objectives, text, task assignments, and review exercises. Answers for 
the exercises are provided %fter the final lesson, alon$ wrth an- 
examination and application task test. This subcourse is designed for 
student self-study, but cou^d be used in small group learning 
situations. (KC) • . - . r / * . 
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MILITARY CURRICULUM MATERIALS 

The military-developed curriculum materials in this course 
package were selected by the National Center for Research in - 
Vocational Education Military Curriculum project for dissem- 
ination to the six regional Curriculum Coordination Centers - and v 
other instructional .materials agencies* The purpose of 
disseminating these courses was to make curriciilum materials 
developed by the military more accessible to vocational 
educators in - the civilian setting. 

The course materials 1 were acquired, evaluated by project 
Staff and practitioners in the field, and prepared for 
dissemination* Materials which were specific tcj the nilitary 
were deleted, copyrighted materials were either emitted or appro- 
val J£or their use was obtained* These course packages contain 
ditriculum resource materials which can be adapted' to support 
vocational instruction and curriculum development^ 



The National Center 
Mission S tatement 



The National Center for Research in 
Vocational Education's mission is to increase" 
the* ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, , 
preparation, and progression. The National 
Center fulfills its mission by*. 

• • Generating knowledge through research * 



Developing educational programs and * 
products 

Evaluating individual program needs 
and outcomes 

Installing educational programs and 
products 

Operating iaformation systems and 
services 

• Conducting leadership development and 
_ .training programs 

FOR FURTHER INFORMATION ABOUT 

Military CurriculUpi Materials A 
WRITE OR CALL ' e <. * 

Program Information Office 
The National Center for Research in Vocational 

Education 
The Ohio State University 
1960 Kenny Road, Columbus, Ohio 43210 
«• Telephone: 614/486-3655 or Toll Free 800/ 
. - 848-4815 within the continental U.S. 
(except Ohio) 
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Curriculum Materials 
Dissemination Is . . . 
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What Materials 
Are Available? 



How Can These 
Materials Be Obtained? 




an activity to increase the accessibility of 
military-developed curricplumVnaterials *to 
vocational and technical educatot 

This project, funded by the U.S. Office of 
Education; includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
\\rmy, Marine Corps and Navy. 



Access to military cu rricu I urvTmatEriaf? is 
provided" through a ""Joint Memorandum of 
Understanding" between the U.S. Office of ' 
Education and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed Applicable to vocational and tech- . 
nical education are selected for dissemination. 

The National Center for Research in , 
Vocational Education is the U.S. Office of . 
Education's designated representative to 
acquire the materials and conduct the project 
✓activities. « . ( ( ' - 

Project Staff: 

\ Wesley E. Budke, Ph.D., Diredoti/^ 
National Center Clearinghouse \ '\ 

Shirley A. Chase,' Ph.D. 
Project Director 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions erf 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. • * 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks apd technical 
manuals.. 

The 120 courses represent^the fallowing 
sixteen vocationafsubject areas: 



Agriculture 

Aviation 

Building & 
Construction 
Trades ' 

Clerical 
Occupations 

Communications 

Drafting 

Electronics 

Engine Mechanics 



Food Service n 
Health 1 
Heating & Air 

Conditioning 
Machine Shop 
Management & 

Supervision 
Meteorology & 

Navigation 
Photography * 
Public Service 




The number of courses and the subject areas 
represented will expand as additional mate- 

-rials vYith application to vocational and 
technical education are identified and selected 

^\ for dissemination. i 

\ ■ 



Contact the Curriculum Cqordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
wfll respond to your request directly or refer 
you to an instructional" materials agency 
closer to you. f 
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Wheeled Vehi 
October 1975 

Lesson 5, Page 5-30. Para' lQd. Llnj 1 . Change to read: 

c. The "relay .... 
EXERCISE RESPONSE LIST 

'Page 1. Response Number m. Change to* read: ' 

543 Para 4a. . \ . 

Page .12 , Response Number SO? Change to read: 

654 CORRECT. .This, would have . '. . 
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Organization ofMaterials: 

Text, Objectives, Exercises, Jkcafoination 
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'Individualized 



Type of Materials: " , No, of Pages:, 
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r Lesson 1 - Fundamentals- of Hydraulics^ . 38 
Lesson 2 — Introduction to Wheeled Vehicle 
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C Lesson 3 - Maintenance of Mechanized 
* ^Steering Gear Assemblies 
v . 

Lesson 4 - Maintenance of /.Power 
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Course Description: 4 

• >r: \ 

This course is, one of several subcourses that make up the qptire correspondence course 
on wheeled vehicle maintenance* The gubcourse is designed to provide^ the student with 
information about/the operation, malfunction diagnosis, maintenance, and repair of 
wheeled vehicle steering systems* It provides the basic theory, and also includes 
on-the-job task assignments . 

The subcour*se is divided into five lessons with objectives , * task assignments, and 
reyiew exercises. V 8 . 



^Lessof^ 1 - Fundamentals of Hydraulics* A stilly of basic principles of fluids" 

under pressure, the means by which hydraulics can be used to. multiply force, * 
and tfte construction and operation of hydraulic system components. 

Lesson 2 - Introduction to Wheeled Vehicle Steering Systems* An explanation of, 

the construction and operation of mechanical and power steering gears and steering 
linkages; also, the principles of steering geometry* 

Lesson 3 - Maintenance of Mechanical "Steering Gear Assemblies. A description of 
the procedures used for the inspection, testing, adjustment, arid repair of 
mechanical^ steering gears; the rembval and installation of assemblies; and 
-the replacement of repair parts.' 

/ 

Lessdn 4 - Maintenance of Power Steering Gears. The inspection, testing, adjustment, 

and rep v air of power steering gears and their associated hydraulic equipment; 
\ , removal and installation of assemblies; and the replacement of repair patts. 

Lesson 5- Maintenance of Steering Linkages. The inspection/ testing, adjustment, 

and repair of steering linkage components; /the replacement of repair parts; 
f frfcnt^szh^el alinjement procedures; and troubleshooting steering systems. 

This subcourse is designed for student self-stuSy, but coul'd be effective „in small, 
•group learning situations. Each lesson conjoins objectives, text, and review 
exercises* Answers for the exercises a#€fprovided after the final lesson, along 
with an examination 'and applicatiojwtfask test. 
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-- nNPORTANT — 
STUD1T THIS SHEET i . . 

m^timmimn Him. Am Amu* 4m 

* 'i * 

* » v * * « 

. Your cooperation in following these instructions will v f • - 

* .--edible yon to make the maximum rating commensurate with your ability. 



-help us to proceaa your leaaona promptly and efficiently, 

■ " * • . 

Scan the CHECKLIST OF TEXTS AND MATERIALS FURNISHED. 
Scan (he INTRODUCTION to the eubcour ae. A 

" $ i 

—Beginning with Leaaon 1, scan the LESSON ASSIGNMENT SHEET. It liata the ) 
.lesion title, leaaon objective, credit hours required, texts required, and \ 
* auggeationa. » , \ 

—When the words STUDY TEXT follow the ^esson Assignment Sheet, the infor- \ 
mation you muat digeat ia found in a text(s), memorandum, pamphlet, and/ or I 
other separate. materials), , f 
—When the worda STUDY , GUIDE. ANI^ATTACHED MEMORANDUM toUow the 
Lessorf Assignment Sheet, the infdrmation you muat^digeat ia either " 
, • --found in texts and in thia aubcourae booklet, or 

--found entirely in thia booklet. 
—When you are referred to a paragraph or an illuatration in a manual,^ turn to the 
specified paragraph at once and acan or atu^y the text aaaignment aa directed. 
\ Continue thia procedure until you reach the LESSON EXERCISE. 

£+u*« £*mciu * 1 * 



--Study and answer eachquestion. 

-^- CAUTIONs Check to insure that all questions have been answered. 
--Your answers MUST be based on subcourse materials, NOT, on yotfr experiences 
or opinions. <* . * \ 




Aiiiitanc* ' * 

If you require explanation or clarification of subcourse materials or qUesti$*S? write 
to "ihe U. S. Army Ordnance Center and School, ATTN: Department of Army Wide 
• Training Support. Constructive comments are. appreciated. 

' J » " * . I 

f MUude NAME and SOCIAL SECURITY ACCOUNT NUMBER on all correspondence. 
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LESSON EXERCISE QUESTIONS ' 
Instructions for use of the answer sheet: * 

1. The procedure by which you will answer the exercise questions in this subcourse is probably 
new to you. The information is presented in a programed instruction format where you immedi- 
ately know whether or not you have answered the questions correctly. If you have selected an 
incorrect answer, you will be directed to a portion of the study text that will provide you with 
additional information. , . 

2. To use this system proceed as follows: * 

. Arrange this subcourse booklefSuid your answer sheet (on reverse side of response list 

cover) so that they are convenient. Each, exercise question has thret choices lettered a, b, and c. 
Your answer sheet has threefgroups pf numbers for questions 1 through 200. .The numbers 
indicated for each question represent the a, b, or c choices* ' 

* b. Read the first exercise question and select the choice you think answers the question 
correctly. Go to the question 1 area of your answer sheet and circle the 3-digit number that 
corresponds witK the choice you selected. 

c. After you have identified the 3-<ligit number, locate it in the exercise response list. 
If you selected the right choice, the first word of the response will be "CORRECT." This tells 
you that you have answered the question correctly. Read the rest of the response which tells 
why your choice was correct and then go to the next question. 

' dl If the .word "CpRRECT" is NOT the first word of the response/you have selected the 
wrong "answer. Read the response and then turn to the area in your study text that is mentioned. 
There you will find the information necessary for you to make another choice. Line out the 
incorrect 3 -digit response on youf answer sheet. 

e. After you have reread the reference, select another answer and circle the 3 -digit' response 
for that choice. Again check the number of this second choice with the response list to see if your 
choice is now correct and to obtain more information about yfcur choice. If yo^r second choice 
is still not correct, line out the 3-digit response on the answer sheet and continue until the correct 
answer is selected. "When you have answered all of the questions in an exercise, count the number 
of lined out responses and see how well you did. * 

r f* You will notice that the lesson exercise question numbers .continue consecutively from 
lesson to legpon. This allows you to use one answer sheet for the entire subcourse. 
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IMPORTANT - Studythe&e directions before going further. 

* » * ** 

. -DIRECTIONS FOR THE STUDENT 

1*. Congratulations, You are. starting a new and different type of self- 
training subco\ifse called a correspondence/OJT subcourse. 1% is different 
from regular subcourses because it has tasks to be practiced on the job in 
addition to the usual lessons to be studied. This Way, you can learn both 
the job skills and. the job knowledge and become completely qualified in the 
subcourse matter. 

2. Of course, you must 'be able to get to the equipment to practice 
these tasks. Some of you may not be .able to do this. This is why you 
were asked to pick one of two options, or ways, that you wanted to take the. 
«ubcourse. , "r 

a. If you are enrolled in the correspondence only option, you 
will study th^ lessons but you will not practice the tasks on the equipment. 
This means you will learn only the job knowledge of the subcourse. You 
will have to practice the job tasks sometime later when you can get to the 
equipment in order to learn the job skills. You will test yourself after 
each lesson by answering the lesson exercise questions using your answer * 
sheet. Then<you will be tested at the end of the whole, subcourse by taking 
the enclosed multiple choice examination. 

b. If you are enrolled in the correspondence/OJT option, you 
will do the whole subcourse. You will study all the lessons* and practice 
all the tasks listed }n each study text on the equipment. This way yjfr will 
learn both the knowledge and tlie skills of the subcourse. Then youJ$fll be 
completely qualified in the part of your military occupational specialty (MOS) 
that is covered by this subcourse; You will test yourself after each lesson ' 
by answering the lesson exercise questions using your answer sheet.' An& 
you will also take a subcourse jpnultiple choice examination. However, in 
addition to these tests, you will take an application task test after finishing 
the subcourse examination. This application task test will be sent to your 
unit commander who will see that you are tested on the job tasks. It is 
important that ybu practifce the tasks while you are studying the lessons so 
that you will be -ready for the task test when you finish the subcourse. 

c. You can understand that it is important to remember which of 
the two options you are enrolled in because the work you must do and the 
tests you must'take will depend upon your option. 



3. This subcourse is one of several subcourses that make up the 
entire enlisted MOS correspondence/OJT course. If you are enrolled in the 
entir^course, you will-take this and all the other subcourses in order If - 
you are not enrolled in the entire course, then you will only take this and 
any other subcourses you asked for. Of course, you cannot become qualified 
in the- complete IfAOS job unless you take the entire course. . If you v/knt to 
take the entire course' later, you will be given credit for the subcoursets-} 
you have already passed. 

4 # Please che<pk tljris subcourse packet to make sure that you have the 
following things: ^ Q 

a. A lesson booklet for each lesson listed in the introduction of 

lesson 1. / 

/ 

b. I A lesson exercise response list and an answer sheet. 

c. A multiple choice examination. 

•If any of these'things are missing, please let us know right away. 

N 5. If you are enrolled in the entire enlisted MOS correspondence/OJT 
course you must finish at least 60 credit hours or three subcourses each 
/enrollment year. Your enrollment year begins the day you receive your 
first subcourse. If you are enrolled in certain subdburses* only, you must 
finish e'afch subcourse within 6 months after you receive it. However, you 
should finish each subcourse as' quickly as you can so that you will qualify 
earlier /for promotions. * ' 

/ / ■ 

6J You must study the subcourse material 3tarting with lesson 1 and 
progress through the rest* Beginning with lesson 1, scan the lesson assign- 
ment shee£. It lists the lesson title, credit hours assigned to the lesson, * 
lesion objective, study assignment, and suggestions. * 

a. Go through the lesson exactly as you are told by the study 
Lssignment and the suggestions in the lesson assignment* Also follow any 
directions given throughout the atudy text. 

b* Read the lesson through once; reread and study any portion that 
you did not undejrst^nd. After you are sure -you understand the study material, 
answer the exercise questions at the.end of the lesson. Then practice the 
job tasks on the equipment. v \ 
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US ARMY ORDNANCE CENTER AND SCHOOL '> 
CORRESPONDENCE/OJT COURSE 




ORDNANCE SUBCOURSE 63B207, WHEELED VEHICLE STEERING SYSTEMS 

(13 Credit Hoars) 

INTRODUCTION 

Any vehicle would be of .little use if it could not be directed or guided on 
a desired course. The act of guiding the vehicle is called steering. Wheeled 
vehicles are steered by aiming or pointing the wheels in the direction that we 
want the vehicle to 4 go. ' As you know, the driver of a car or truck guides it by 
turning the steering wheel. The steering system of cars and trucks consists 
of the levers, Jinks, rods, gear box, and, in man-jrsases, a hydraulic system 
► .that assists the driver's steering effort. ^ , % 

The steering system ip of critical importance in*th^e safe operation of the 
vehicle. There must be no looseness between the steering wheel and the front 
wheels if the driver is to keep control over the direction in which the w;heels 
point. ♦ The tires must meet the road at the correct^angle to get good traction 
and to prevent unnecessary tire.wear. In addition, the driver should *be ^bJLe 
to hold the wheels in'the straight- ah^ad position and change them t.o the right 
or left with very little effort. s \ \ 

For yoi;, the student, a study of steering systems introduces many new i 
Tyords, parts, ideas, and theories. The study includes some math, physics, 
and hydraulics. It is the aim of this .sufyc our se to provide you with a thorough 
under standing of the design, construction, operation, and organizational 
rnaintenance of steering, systems. Math, physics, and hydraulics are covered 
right in the text where they apply. When! ydvL see a new word, a new part, a „ 
new idea, or a new theory you should B* sure yqu know what it means, how it 
wiorks, and why it works before you continue. 
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This subcourse consists of .five lessons, an-examination, and an appli- 
cation task test. They are organized as follows: - 

Lesson 1 Fundamentals of Hydraulics x 

Scope*— A study :of basic principles of fluids under pressure, the 
^ . ' means by which hydraulics can be used to multiply force, 

• and the construction and operation of hydraulic system 
„' components ♦ 

Lesson 2 . Introduction to Wheeled Vehicle Steering Systems 
' * Scope — Aif explanation of the contructiofi and operation of mechanical 
and power steering gears and steering linkages; also, the 
.principles of steering" geometry. 

. Lesson 3 Maintenance of Mechanical Steering' Gear Assemblies 
Scope — A description of th? procedures used for the inspection, 
testing, adjus tmehtr^anra - r epair~bf~me c hanic al steering 
gears; the removal and installation pi assemblies; and 
the replacement of repair parts. ^ 

* > Lesson 4 Maintenance -of Power Steer^g Gears 

Scope — The inspection, testing, adjustment, and repair of power 
steering gears and their associated hydraulic equipment; 
removal and installation of assembKes; and the replace- 
ment of repair parts. e * 

Lesson 5 Maintenance of Steering Linkages v • . . % 
Scope — The inspection, testing, adjustment, antHrepair of steering 
linkage components; the replacement of repair parts; front - 
* wheel aUnement proc^ures; and troubleshoot^^gl^ring 

systems. # 

Exartiination 

Scope— The examination is designed to test the student's knowledge 
, * of the subject material covered in the subcoutse. 

Application Task Test ' ' > 

Scope — The application task test is designed to test the OJT student's 
ability to perform tasks associated with the subject material 
presented in the subcourse. . 

* ■ 
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CHECKLIST OF TEXTS AND MATERIALS FURNISHED * 
' Ordnance Subcpurse No 63B201' *' * 



October 1975 



No texts, other than the Attached Memorandums', are used in' support .of 
this subcourse. Therefore, yon are not required to, return any texts to the 
US Army Ordnance Center 'and School. 

« • « 

This~subcourse taay* contain erxata sheetfc. Mak'e certain that you post .. 
all necessary changes before beginning. 



Note; - Any publications cited in this subcourae are fl***™! refeg^gft fl 

aTe not furnished.^ The foUowi^^ used in pre par a- 

tion of this^SJib©etirB«T~"~ ~ T 
* ' ' . -/ . x » 

TM 5-350 Hydraulic Power Control Systems, Nov 63 

TM 9-2320-20.6-20, w/C2, 4 Organizational Maintenance Manual: 10-Ton, 

6x6, M123-Series Truck Tractor, Oct 71 

TM 9-2^20-209-20, w/C 1-6 Organizational Maintenance Manual: 2-1/2- 
Ton, 6x6, M34-, M35-, and M36-Series 
Trucks, Apr 65 * \ • 

>, " 

TM 9-2320-212-20 Organizational Maintenance Manual: 3/4-Ton, 

1 • 4x4, M37-, M43-, 2nd M201 -Series Trucks, 

Nov 73 v 

TM 9-2320-218-20, w/C2 Organizational Maintenance Manual: 1/,4-Ton, 

>• 4x4 » M151-Series Trucks? Sep 71 



TM 9-2320-244-20, w/Cl, 2, Organizational Mainteiiarice Manual: i-1/4-* 

Ton; 4x4, M715 and M725 Trucks,' Aug '71 

TM 9-2320-260-20 , Organizational Maintenances Manual: 5-Ton/ 
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Credit Hours Two 

s 

Lesson Objective "Slter studying this 'lesson you 

( be able to;"* . ~ * * 4 " ' ? 

1. describe the nature of liquid^, ? 

' ■ - • > • . r 

2. Describe the fundamental princi- * 
pies of gaining mechanical 

| r advantage using hydraulics. 

» 3. Describe the purpose, construe- 

, tion, and operation of valves \ 
* commonly used in automotive 

hydraulic systems, ! 

4. Describe the purpose, construe - 
/, tion, and, Operation of pumps 
. *■ ' commonly u'tfed in automotive 

hydraulic systems. < 

* 5. Describe the purpose, construe-, 

tion, and "operation -of cylinders 
commonly used in automotive - 
hydraulic systems; 



6. Describe the purpose^, construc- 
tion/ attff operation'of accumula- 
tors commonly used in automo.- 

, tive hydraulic systems. ^ 

7. Describe the purpose and con- \ 
struction of reservoirs com- 
monly used in automotive 
hydraulic systems. 

8. Describe hydraulic fluids and 
their use as applied to automcj-„ 
tive equipment. 

9. Explain ^he operation of a 
simple hydraulic^Lck. 

Attached Memorandum 

Answer sheet and response list 

As you read the lesson pay careful 
attention to all of the accon^panying 
_ illustrations. They will fyelp you to 

understand the principles that are 1 
discussed. 

ROREWORD 

You haye probably hieard the term "hydraulics" used mdny times. Such 
things as v hydraulicaliy operated jacks, cranes, and barber chairs are well 
kdown'to almost everyone.. Hydraulic parts, are very common to wheeled 
vehicles, too. For example, they use hydraulic power steering, hydr^ulii 
brakes and hydraulic lifts for capgo beds and booms. The basic principles 
of hydraulics are" the same regardless of wfcether we are applying them to 
'a barber chair or to a complex automotive hydraulic system. Whenever a 
hydj^aulicysystem does not work, the repairman or mechanic will need a 
thorough understanding of hydraulic prin'cipltea'in order to troubieshopt 
the system and to make, the necessary repairs. " " * 
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ATTACHED MEMORANDUM 



SECTION I. HYDRAULIC PRINCIPLES . 



1. INTRODUCTION. The word "hydraulics" *is based on the Greek word for 



*^ter^and at 'first it applied only to the study of how water behaved when it 
was at rest and in motion. Present-day use has broadened its meaning to 
._ r 0 f a xi liquid # ^ ^ c 



cover the beha 



a. A piifesent-day study of hydraulics includes, for example, the manner 
m which all liquids act i A tanks and jApe^. It includes floating bodies, spres- 
sures exerted on surrounding objects, How of liquids under yarious coitions, 
and the ways used to direct this flow to useful ends. 

b. This lesson will'deal primarily wi^h the study of hydraulics as it 
applies to automotive vehiclesf especially to wheeled vehicles used by the US 
Army. t > " 

.2. NATURE OF LIQUIDS.* While solids always have a definite shape, liquid* 
have no outer form of their own. ' Liquids always take the shape of their con r 
tainer. Because of their own shapelessness, liquids can be sent almost any- 
where in a pipe or.a hose by means of gravity or by any other means of apply- 
mg a force to them,\ Liquids are second only to electricity in ease' of trans-" 
mission. \ ' I . ^ 

v 1 

a. Everyone knows that a gas, 
which 4 also has no shapfc of its qwn, 
can be easily compressed/ This can 
be demonstrated if we^iaye*a cbh- 
tainer filled with a gas\ ysjuch as air, 
asd '-sealed 1 with an airtight piston. If 
we place V weight v on topmi piston 
it ^rill mo^e down, • corxipk^f$f5g or 
squeejpg tjie air infc|.de t\iV container 
*"into a smaller space/ 




OAS 



t JL- 



WE1GHT PISTON N 

M 

* GAS 
. COMWfSSCO 
•Y WEIGHT 



will only compress it about 1/2 
systems, ^e can think of liquids as* 



'b. Even though they also have no 
shape ( of their own, liquids act much 
differently fr'om gases because they will 
j comgress very little/ This can be dem-' 
onstrated^f we put a liquid instead of 
gas in the container. Now, if a weight 
is placed on the piston there will be no 1 
noticeable movement of the piston, be- 
cause the liquid has not been compressed 
any noticeable amount. In fact, a force 
of 15 pounds on a*cubic inch of water 
F or practical use in automotive hydraulic 
tot being compressible at all. 
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* 3. DISTRIBUTION OF PRE§SURE. When 
we strike the end oi a block of wood, the v 
main force of the blow is carried straight 
thr<J\^h the block to the qtyer end. This 
happens because thfe block is rigid. The 
direction tl$e blow is struck^ determines 
the direction of most of the force. On, the 
other hand, if we strike the piston in a 

^-cylinder of liquid, the force is carried not 
onl^ straight through to the other end, but 
also equally in every direction throughout 
the cylinder. 




PISTON HAVING AREA WEIGHT 
OF 5 SQUARE INCHES 



a. We can show that pressure 
is distributed equally* in a confined * 
liquid by using a cylinder that has 
several^branches or pipes. The 
cylinder and pipes must be filled * 
with liquid a^d a pressure gage 
attached at each pipe. A piston 
is placed on top of the liquid. For 
, the^present, let's say the piston 
has 5 square inches of surface that 
touches the liquid. Now, it we 
pl^ce a # weight on the "piston so that ' 
the weight of the piston plus the 
weight totals 20 pounds, each gage 
will indicate a pressure of 4 pounds 
per .square inch. This is usually 
w^ittexj 4 PSI. 

I?: Since the 20 pounds of weight is spread out evenly oyer the 5 square 
inches of piston.area, tjie pressure exerted on each square inch is 4 pound's 
(20 +5 = 4)* The amount of pressure* throughout the liquid land the amount 
indicated by the gages is, therefore, 4 PSI. * 
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c. In this experiment we were as sum* 
°ing that w.e had a short cylinder, so'the 
weight ofthe liquid itself did not affect the 
preSfeure reading on the gages. If we had 
used a tall cylinder, we would have noticed 
that the pressure ^was higher near the 
bottom Of^the container, since the weight 
of the liquid above would have added to the^ 
pressure being' applied by the 20-pound 
weight. There is very little difference in 
the height of the different hydraulic compo-« 
nents in automotive equipment's 9 the . ' 
weight of the liquid is not considered when 
referWng to pressures in an automotive 
hydraulic system. . - - 




144 sq IN 

Water \olwmu 



4. VOLUME AND DISTANCE FACTORS. Now .let's assume that have' 
two identical cyHnders Connected by a" pipe. They' are fitted with pistons 
and filled with liquid; An interesting fact about this 'arrangement is that we 
can transfer force from one cylinder to the other through the, iiquid. -Wat 
is, if we push the piston down in one cylinder , the piston in the second, " • 
cylinder will move up. This is caused by the liquid being pushed' out" of cie. 
cylinder through the connecting pipe and into the; second cylinder. It should 
also.be noticed that thettwo cyHnders are the same diameter and that'boW 
-pistons move the same'distance. - ' „ ? i. 



\ 



fouce 
obtained 
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a. N^ow let's consider two interconnected cylinders that are not the same 
size. Assume that one cylinder piston has a surface area of 1 square inch 
% while the second oneTias 5 square inches of surface area. With this arrange- 
ment, pushing the small piston down 10 inches will'raise the large piston 2 
inches. The^reverse of this is also true; that is, pushing the large piston 
down 2 £nches\will raise the s.mall piston 10 inches. 



n 
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b. The reason for the differ- 
ence in the amount of piston move- 
ment can be easily shown with two 
containers that are the same size 
as the two cylinders. By filling 
the slender ^container with liquid 
to a deptli of 10*inches, it will 
contain the same amount of liquid 
that was displaced- by pushing the 
piston down 10 inches in the slender 
cylinder. Now if we pour the liquid 
from the slende^ container into the 
wide container , the water level will 
rise to a depth^of only 2 inches. 
^The liquid takes the shape of the 
wider container by spreading out 
more but not rising as high. 
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c. In some applications of hydraulics, force is Applied to a piston in 
one central cylinder and the liquid pushed out moves the pistons in several 
other cylinders. For example, 
let's Assume that we have an s 

arrangement of 5 cylinders, if , 0 

all cjyliiiders are the same size, 
the force exerted on the central 
cylinder piston will be trans- 
mitted 'equally to the other four 
pistons, but they will move only 





( * ^ 
DISTANCE 
MOVED 






r. - 


** 








1 * ■ 
"** 













one-fourth as far as^th^ central 
piston. If the four cylinders have 
a larger diameter than the central 
one, tffe total force on each of the 
four pistons is* greater than that . 
applied to the central one; how- 
ever, each of the tout pistons 
moves less than one-fourth as 
far as the central piston. Hydrau- 
lic brake systems operate in such 
,a manner. 



5. MECHANICAL ADVANTAGE RATIOS. We can apply what we know about 
the mechanical advantage of levers jo hydraulic situations. t With a lever, ac\ 
50-pound weight can balance * 10,0-pound weight. The 50-pound weight must 

be set twice as far from the balanc- 
ing point as the 100-pound weigfc£. 
This is known as a mechanical 
advantage ratio of Z t6 1, which is 
usually written as 2:1. In hydrau- 
lics, 50 pounds on a piston of a 
certain>area can balance a 100- 
pound weight on a cylinder piston 
having twice'that area. In this way a 
* mechanical advantage ratio of * 
2:1 is gained hydraulically. v 



50 



100 



a: - A 

2 A 1 . 



100 S 



To see just how the mechanical advantage is gained through the 
liquid, imagine that the area of the small pistoii is 1 square inch and the ' 
larger piston 2 square inched. The 50-pound weight on the small piston 
then exerts a- pressure of 50 pounds per square inch on .the liquid, which is 
distributed equally in the liquid throughout both cylinders and the connecting 
pipe. The tdtal pressure pushing upward on the 2 square inches of surface 
of the large piston is 100 pounds, disregarding any loss due to friction be- 
tween the pistons and cylinders. The advantage ratio is 2:1 because the 
large piston has twice the area of the staall piston, v 
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b. In a hydraulic system, just as wth the lever, we have to give up 
distance to gaizi force. If the ratio is 2:1, the smaller piston will move twice 
as far as' the large piston, so the ratio of 2:1 applies to the difference in- 
piston trayel as well as to the difference in force* If the ratio is 3*1, the 
smaller piston must move three times farther than the larger piston, but 
the large piston wilJ balance thi;ee tirWes the weight that is exerted on the * 
fcmall piston* 

c« . * 

f SECTION H. HYDRAULIC DEVICES AND FLUIDS 



GENERA! 



So far we have discussed how^pbssure on a liquid causes 
it to act in hydraulic systems.. We hav t e not considered all of the necessary 
parts that are needed to make up a basic hydraulic systeni. Under actual 
working conditions, valves are required to direct and control the flow of 
liquid, a pump is needed to .supply a flow of liquid under pressure, a cylinder 
or^motor is neecTed to convert the liquid flow tojnechanicaL motion, a reser- 
voir is needed to store a liquid supply, and lines are needed to carry the 
liquid between the units. In addition; a liquid is needed that will not cause - 
damage to the hydraulic pa*rts and yet is suitable for use over a wide tempera 
ture range. 

7. VALVES. Simply stated, all valves are an opening in a pip.e.with some 
means of closing it. J^et's take a look at some common types of valves that 
are widely used. 



a. One type 
of valve is called 
'a cock. This valve 
has'a j^lug seated 
in the path of the / 
liquid flow. The 
plug has ah open- 
ing running through 
it to permit fidw 
when tKe^ralve is 

open. Frow is . . ... ✓ N x 

stopped by turning 

the plug 1/4 of a v • / 

turn so that the opening is crossways to the flow. A part of the plug' sticks 
out so that the operator or mechanic can tur^ it manually. Cocks are t de- 
signed to be left dhly in the fully open or fully cldsed positions. > ^ 




OPEN 



CLOSED 



!9 




o?<2 

b» A gate valve is a wedge- shap'ed 
gate that can be moved out of, or across, 
the line of liquid flow to aliow or to stop 
the liquid flow. Usually, the valve has^t 
threaded stem for cfontrolling it that must 
be rotated several turns to'move the gate 
from the fully open position to the fully, 
closed position. Sometiri^g gate valves 
are left partly open to regulate the amount 
of flow, but they are intended for fully * 
open or v fully closed use. If left in the 
partly open position, the flowing liquid 
will cause an unequal wear on the° valve's 
sealing surface. 



c The globe valve is made with a disc-shaped controlling member ttfat- 
is lowered against a seat to stop flow and raised to permit flow. Several ' 
turns* of a valve stem are usually required to move the valve from one extreme 
to the other. Because of the design of this, type of valve,' it can be kept in a 
partly open position to control the amount of flow without causing unequal • ' * 
wear on the sealing surfaces. The valve should always be installed with 
pressure against the face of the disc-shaped controlling member. 





ji. Needle valves are made-^a>lai_ 



like globe valves. Instead of a disc, a^ 
needle. valve* with a tapered point is at* 
the end of the valve 3tem. # The tapered 
point perrriita the needle valve to be 
opened or closed gradually* Needle 
valves ,allow the amount of liquid flow 
to be manually adjusted very accurately. 



r 




-CLOSED 




A che 



valv.e is made so that it is automatically opened and closed 
by a*difference i^NHqui^ pressures between its inlet and outlet openings. "It 
is used in a system^o flow in one direction only. The force of the 

liquid in motion in one direction will open the valve, while' an attempt by the 
liquid to flow in the opposite direction ;will force the valve closed. Closing 



is also assisted by a spring or gravity 



the valye njust be positioned so thafcsthe weight of the controlling member 
closes the valve when there is no liquiu flow. 



When the-assistance is by gravity, 
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f. Often a pressure / egulator valve is installed in a hydraulic press??^ 
line to make sure that liquid pressure does not go above a certain amount to 
protect the system from high pressure. .Regulator valves are also usually 
called relief valves. They are like check valves because they permit liquid 
to flow through thenvtn one direction only. 



( 



ADJUSTING 
SCREW 



SEAT 




TO RESERVOIR 



FROM PRESSURE 
LINE 



(2) Liquid flowing • 
to do the work does not flow 
through the regulator valve. 
The valve is connected so that 
it will have no, effect on the 
rest of the system. When the 
pressure exceeds the regula- 
tor spring pressure, the 
valve opens and excess liquid 
pressure is bypassedjio the 
reservoir or pump intake. 



(1) A regulator valve 
contains a spring to hold the 
controlling member in the 
closed position. When liquid 
pressure pushing on the face 
of the valve is great enough, 
it, compresses the spring and 
opens the valve. The amount 
of pressure required to open 
the valve can be changed by 
changing the spring pressure 
holding the valve closed. 




From Pump 




Vahm Wtton 



From Pump 



g. Some hydraulic sys- 
tems use spool valves for con- 
trolling the direction, of liquid 
flow, A spool valve has a 
V 'spool-shaped piston that is 
moved to open and close 
passages iA a cylinder to 
direct the flow. The piston 
t usually has a spring that holds 
the valve in the neutral posi- 
tion. When in neutral, the 
valve does not allow liquid to 
flow between the valve and 
" the work. 



1 



(1) Spool ^alves are commonly used to control liquid flowing to 
and from a cylinder; If the cylinder piston is to do work in both directions 
of its travel, therein be two. x lines <Sonnected.between the cylinder and , ' 
valve - one to each side of the cylinder piston* In addition, the spool valve 
hab two more lines connected to it - one to carry liquid under pressure from 
the pump, and another to return liquid to the reservoir or liquid supply tank. 



To Reservoir 



(2) Suppose that the valve 
piston is moved tosthe left as shown 
in the illustration. Liquid under 
pressure can now flow from the pump 
through the valve and line A to the 
cylinder. This will force the cylinder 
work piston to the right. The work 
piston pushes oil frdm the right side 
of the cylinder through line B and the 
spool Valve to the reservoir. 




Work Piston 
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^ (3) ' .The work piston can be stopped at any desirld position by re- 

Teasing the lever controlling the valve piston and allowing the spring to 
return the valve to the neutral position. This blocks liquid flowing both to 
' and from the cylinder and the liquid trapped on each side of the work piafon 
. holds the piston firmly in position. *t . ^ 

(4) If the valve piston is moved to the aright, ^liquid will flow from 
the pump through the spool valve and line B to the right side of the piston. |* 
The piston then moves to the left, pushing oil .through line A and the spool 
valve to the reservoir. 

8. PUMPS. A hydraulic pump is a device through which an external source 
of power is used to apply force to a liquid. In automotive vehicles the vehicle * ' 
engine usually supplies the power to drive the pump. B^in a few cases an t 
electric motor drives the pump.- Two general classification,! of pumps are 
positive displacement and nohpositive displacement. A positive displacement 
pump is one in which a definite volume of Hquid is pumped for each cycle of 
pump operation, regardless.- of the resistance offered to flow. A nonpositive 
displacement pump is one in which the amount of liquid pumped depends/on 
the amount of resistance offered ;kr flow.. Pumps used in automotive hydrau- 
lic systems are the positive type*, of which there are several designs. We 
will discuss the reciprocating, g\ar, and vane designs in this lesson. 



\ 




a. Th'e recip- 
rocating pump has a 
piston "that fits 
closely inside a 
cylinder. The cyl- 
• inder c/m tains in- 
take and discharge 
check valves. The 
pump is operated ' 
by a back-and-forth 
movement of the 
piston. When the 
^piston is pulled to 

. .,, . 4 \ the left (as shown 

m the illustration), Hquid is drawn into t\e cylinder through the intake check 
valve. When the piston is move,d to the right, it puts pressure on the liquid, 
closing the intake check valve and forcing liquid out through the discharge 
check valve. The piston can be operated from\the rotary motion of the 
engine by means of a crankshaft or cam, or it may be manually operated bv 
a lever. 
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b. The gear pump is one of the simplest pumps ip construction. It has 
two gears in a casing. Therfc is very little space between the gear teetli and 
the pump casing and between the gear teeth where they mesh, 'Geas pumps 
are easily couple^; to an engine because they operate with a rotary motion/ - 



DRIVEN GEAR 




DRIVING GEAR 



TO OUTFOR 



(1) One gear pump 
design has two gears with ex- 
ternal teeth. One gear, is a 
drive gear; the other^a driven 
gear. As the gears .rotate, 
fc liquid is trapped between the 
gear teeth and the casing at 
the pump intake (A), The 
trapped liquid is carried to 
fche pump discfi^rge (JJjL As 
liquid is continually carried 
from the pump, intake to* the 
discharge, it is forced out the 
discharge opening .because it 
canAfct flow back past the 
meshed gear teeth. 



1 OIL DRAWN IN HERE.., 



(2) Some gear pumps have an internal gear with an external* gear 
mounted inside it. The internal gear is mounted off -center so its teeth 
mesh with the internal gear teeth on one side only. The gear's teeth: aJre 

separated on 

6 THROUGH THIS PORT. . the Opposite 

side' by a 
crescent- 
shaped por- 
>tion of the 
casing; in 
operation, 
liquid is 
trapped be- 
.tween the 
gear teeth 
at 'the intake 
of pie pump 
a^d carried 
past the 
crescent to 
the discharge 



BY THE CONSTANT 
WITHDRAWAL OF 
TEETH ON THIS GEAR- 



INNER GEAR 




tO THIS POINT, 
WHERE CONSTANT 
MESHING OF TWO 
GEARS FORCES OIL... 



CRESCENT SE^L 



OUTER GEAR 



FROM THE SPACES 
BETWEEN THE TOETH 
OF THIS INTERNAL GEAR 



4 IS CARRIED IN THESE SPACES.., 
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ROTOR 



INLET 



OUTLET 



. c. Vane pumps have a ( 
' rotating part called the rotpr 
whiph has slots' fitted with 7 
movable vanes. The rotor 
is placed off-center inside ~ ' 
an> oval- shaped cavity in the 
pump casing. The intake and 
discharge ports are located 
on opposi^esides of the 
cavity. As the rotor spins, 
the vanes are thrown out 
against the wall bfthe oval 
cavity. The vanes slid^in 
•and out in the rotor slots" \ 
following'the shape of the 
cavity. At the pump intake, 
liquid is trapped and swept 

around in pockets formed by the rotor, vanes, and walla of the housing 
cavity. Because of the off-center minting of the rotor, the size of each *' 
hquxd pocket gets smaller and the liquk is squeezed out through the pump ' 
discharge port when the pocket atines w\h the" port. ' ? ? ' 




CASING 



VANES 



9, CYLINDERS. A hydraulic cylinder is\ device that changes liquid flow 
to mechanxcal straight line motion. A hydraVlic 'cylinder consists oT* barrel 
to attacTfh \? 3t r 3lid : 3 ' A P ist °A r °« i- connected to tl^e piston 

;t , ! r ;° f loa A * he end of the V^« wh ere t he 

out is called the rod end, and the opposite end ilcalled the head end.. Hydrau 
He cylxnders are classified as beinf either singlXacting or double acting 

\ . " *>' * 

. a * ; A 8"Kle -acting cylinder has a port in oneWd only' -' usually the head 
end - and is operated hydraulically in one direction \nly. 'When a v Jive is 
opened, allowxng liquid to be pumped into.the port, X liquid pushes on and 

4 J ' moves thfe piston which extends 
the piston Vod. Before the 
pistoji and i^Lpd can be retrapted, 
the controlliag^valve must be 
positioned so liquid in the cyl- 
inder caa be released to the 
reservoir: ^ TJie -cylinder is 
then returned to the retracted 
position by the weight of the 
work or by a return spring. 
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bi In the double -acting cylinder 
the liquid can move the piston in both * 
directions. The cylindb-mijst have 
ports at both the head end and the rod 
end. Purriping liquid into the head 
end moves the piston to extend the v ^ 
rod. At the same timp, any liquid, 
trapped in the rod" end of, the cylinder 
is pushed out and returned to the reservoir. 'W retract the rod^/flow is 
reversed. Liquid from the pump goes into ihe rod encf and liquitf pushed * 
out the head end port goes to the reservoir. I 

10. MOTORS. Hydraulic motors perform a function opposite to that of 
hydraulic pumps. In fact, we could say that a motor is a pump that is being 
pushed by the liquid flow instead of doing the pushing. There are about as 
many different designs of motors as there are pumps. In this lesson we 
will only discuss the gear type and vane type, as they, are thp most commonly 
used motprs in automotive hydraulic systems. «. ^ 



OUUET 




a^ - Basically, the gear-type 
motor is made just like the gear- 
type pump, In a motor, both gears 
are driven gears, but only qne is 
connected to the output shaft/ 
Liquid flow from a pump enters " 
chamber A (as shown in the illus- 
tration) and" flows around the 
inside surface of the casingr^for^- 
ing the gears to turn. When £he y 
liquid enters chamber B iti^ 
directed to the reservoir.* The 
direction of motor rotation cap be 
reversed simply reversing the 
liquid flow. 
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b # ; Construction of the 
vane -type mptor^ and the vane- 
type pump usually differs in ^ 
the mounting of the v^nes in 
the rotor. Recall that in .the 
pump the vanes are thrown 
outward as the rotor spins. 
In the motor some means must 
be provided to hold the vanes 
out before a liquid flow can 
cause the rotor ^to turn. Springs 
are often used for this purpose. 
In operation, liquid flow from 
the pump enterfc the motor inlet, 
forcing the rotor to rotate as it 
passes through the motor, From ' 
the motor outlet, liquid flows to 1 
the reservoir. . 



SHAfT 



ROTOR 0 




CASING. 



VANES 



11. ACCUMULATOR Some hydraulic systems; use a part called the 
accumulator. An accumulator is ta a hydraulic Astern what the battery 
is to an electrical system. It stores energy, in this case liquid under 
pressure, for future use. It can supply liquid flow for a short time in 
case of pump or power failure, and it can supplement the pump supply 
when the system momentarily demands la* ge quantities^ liquid. In 
addition, accumulators provide^ shock absorbing (cushioning) action for 
the hydraulic systenpL y 

a * Spring-loaded accumulators 
are used in the hydraulic systems on 
some automotive equipment. These 
units consist of a cylinder fitted with a 
ram or piston that is spring loaded. • 
Liquid from the system is ptfmped into 
the cylind«|f under the ram. The presT 
surized liquid pushes the "ram up, com- 
pressing 4 the spring ^bove the ran* until 
"\ the spring pressure and liquid pressure 
are equal on each side of the ram. If 
liquid pressure'in the system lowers 
* for anjfreas^on, tie compressed spring 
moves the ram down, pushing liquid 
from the accumulator to maintain the 
flow in the system. The size of the 
accumulator used and the strength of 
, the spring needed will depend on the % 
volume and pressure requirements 
placed on it by the system. 
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b. Another accumulator design, the piston type, is alsousedon auto 
motive equipment. It contains a free-floating piston in a cylinder. The 
cylinder is sealed at each end by a-cag. The accumul&tdr is charged with a 
gas, such as air or nitrogen, by forcing it into the cylinder ,on one aide of 
the piston. port at the opposite end of the cylinder is connected to the 
pressure line ifi the hydraulic system. Since the gas is compressible, it 
acts just as the spring in the spring-loaded accumulator. The amount of 
liquid pressure that can be stored by the piston-type accumulator will be 
governed by the -pressure of the gas charge. < , 
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12. RESERVOIRS. In addition to being a supply *tank* to hold hydraulic fluid, 
the reservoir also aids in cooling the flu£d, separates air-from the fluid, and 
helps separate the fluid from dirt and other harmful matter that has gotten 
into the. system. The reservoir may contain many parts and be large enough 
to hold 40 to 50 gallons of fluid or it may be very simple ap.d hold as little as 
1/2 pint. The exact capacity of the reservoir will depend on the requirements 
of each particular system. - • \ 



a. Generally, Jiydraulic reservoirs are high and narrow rather than 
shallow and broad. Thi-s is so the oil level will stay high above* the intake 

.or suction line to the pump 
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when the vehicle is being , * 
operated on' uneven^ground. 
The reservoir must be large 
enough so that it will still 
contain a reserve of fluid with 
all the cylinders in the system 
fully extended. Also? it must 
be able to hold the fluid when * 
all the cylinders ar^ retracted, * 
with some spare sp&ce to allow * 
for expansion when the fluid is 
hot. 
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- r-es^rvoirs contain baffle plates 0 that-are placed between the 
suctxon line and the return Hne. Circulation hole, in the baffles are posi- 
tioned at the edges-of the baffles. This . is so the liquid must pass next to 
the outer walls of the reservoir when-flowing from one side of a baffle to 
the other to provide better cooling. The baffles also reduce sloshing when 
th^ vehicle-is moving. < «• 

c. .Often a strainer or filter is placed over the suction line tb make' 
sure that only clean fluid is pumped. into the system. A screen may be > 
placed in the, filler opening to screen foreign particles out of fluid when 
refilling the reserv'oir. Sometimes the drain plug in the reservoir may . 
be magnetized to attract metal particles that may be in the fluid. 

. d v Most reservoirs are vented to allow air to leave or enter the space 
above the fluid-as the level of the fluid goes up and down. The air may vent 
through the filler cap which often contains a fitter to prevent dirt from 
entering with the air. If the vehicle is equipped to ford bodies of water, the 
vent usually consists of 'a line connected between the reservoir and the air . 
intake system of the engine. ' 

13. LINES. Lines that are used to connect the components in automotive 

hydraulic systems must be strong enough to withstand the^pressures that are 

developed in the systems. They must also be large enough to prevent restrict- 

ustg the normal flow- of liquid. Fittings must be provided at places where parts 

require removal for repair or replacement. The three common types-of lines 

that are used are tubing, pipes, and flexible hoses. 
» 

a. - Tubing is witiely used where 
rigid connections can be used. Flared * 
tube-type fittings are used, at points 
that must be disconnected for repair. 
Unlike pipe, tubing can be cut, flared,, 
and fitted in the field. 
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b. Pipes are also a rigi4 
connection, but in automotive 
hydraulic systems they are not 
as common as tubing. Pipes 
lire^threacieci on their enSs t;o 11 
provide disconnect points. 
F*ipes and pipe fittings are* 
taper 'threaded and cannot be 
interchanged with other types 
of fittings that ha vie straight 
threads. 
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, c. Wh$n there is a need for flexible connections, hoses are used. Both 
flared tube and pipe fittings are fastened at their ends to flexible hoses for 
*connecting'them into the System. A flexible hose normally consists of rubber- 
like tubes and layers of cotton and/or „tfrire\braid. An*inner tube is used to 
seal the fluid* The purpose of the braid, y&ich may .consist of several layers 
covering the inner tube, is to add strength tiTthe hose. A rubber-like tube 
covers the outer layer of braid to protect it from 'snags. 
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14. FLUIDS. Most of the liquids used in hydraulic systems and devices^n 
automotive vehicles are made from mineral, vegetable, or animal oils. 
Water is never used because it will boil and freeze too easily. In addition 
it wfll cause metal parts to rust. . Alcphol/ or similar liquids, is often added 
to the oil to produce a hydraulic fluid that is not too thick, and has good clean 
mg and lubricating qualities. * 

a. The Army's technical manuals that apply to vehicles and other items 
of equipment that have hydraulic systems or devices always 'specify the types 
of hydraulic fluid to use. NEVER put a fluid in any hydraulic system or " ' 
device unless you are absolutely sure it is the right fluid'for that particular 
system or device. • 



(1) In some cases, plain engine oil is used. For example, the fluid 
used in the hydraulically operated boom on the 5-ton wrecker is engine oil. 
Engine oil is also used in the hydraulic power steering system of the 5-ton 
wrecked and some other heavy trucks. 

• * 

(2) On the other hand, engine oil, which is a mineral oil, cannot "be-- 
used in the hydraulic brake systems of wheeled' vehicles. The-brakes contain 
rubber piston seals that are quickly destroyed by mineral oils. A special . 
mixture containing vegetable oil is used in hydraulic brake systems. 

♦ 

j\ b.. The fluid level in any hydraulic reservoir "should be kept at the level, 

I recommended in the proper technical manual. If the level is too high, the 
fluid may overflow or blow seals because of expansion of the fluid at high 
temperatures. If the level is. too low, condensation (water) can form in the 
reservoir. Water will cause the parts to rust and fail. A low fluid level 
can also allow the pump to draw in air and discharge it into the system as 
well as cause the fluid to' overheat. . 

m • * 

' °' . C * re mU8t be Used to make *H. re dirt d °es not get into the hydraulic 

fluid. Dirt* can cause considerable damage by'scratching the machined sur- 
faces of cylinders, pistonf, valves, and pumps. So be' sure that you don't 
let dirt get into the hydraulic system when you perform maintenance on it. 
In addition, when you store hydraulic fluid make sure that it is sealed in.its 
container so that dirt and water are kept out. * 

15. HYDRAULIC 'JACKS. Let's study a simple hydraulic jack to see how 
hydraulic system parts are put together so that they can perform a'useful 
task. Stt^a jack Usually has a reservoir, a reciprocating pump, a single- < 
action cylinder, and a relea'se valve. All the parts are inclosed in" one 
, casing, or housing, with the connecting lines" being cast or drilled in the 
jack casing. * 
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a. As shown in the illustration, the reciprocating pump consists of the 
small piston (A), the cylinder in which the piston is fitted, and two check 
valves, 'The single-action cylinder has a "large cylinder fitted with a large 
piston (B) and a ram. The release valve is a needle valve. 
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br When the jack handle is raised, fluid is sacked from the reservoir > 
through check valve 1 into the space under piston A, When the handle is 
pushed down* check valve 1 closes and fk£d under piston A is forced through 
check valve 2 to thfc area under^ piston B. Thrs forces piston B and the ram 
to move up. Fluid cannot drain back through check valve 2, so piston B and 
the ram are held up when the jack handle is released. 

. (1) Repeated up-and-down movement of the jack handle will continue 
to pump fluid from the reservoir to the bottom side of piston B. This'raiaes 
the ram higher and higher to lift the vehicle or whatever you set the jack under. 

, (2) Bjecause of the-difference in the sizes of piston A and piston B, 
one long stroke of the jack handle raises the ram just a short distance. This 
difference, however, provides the mechaxyLcal advantage that allows you to lift 
a>eavy vehicle by applying moderate pretfeure on the jack handle* 

(3) To* lower the jack ram, all you need to do is to loosen the 
manually operated release valve. This lifts. the. valve needle off its seat and 
allows the weight of the load to push the ram down, returning the fluid trapped 
tinder piston B through the release valve and back to thfe reservoir. 



is 
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SECTION m. CONCLUSION 



3^ 



16. SUMMARY. Liquid confined in a hydraulic system can be used to 
transmit motion and to increase or decrease forces and motion just as 
with a mechanical linkage. Tubing and hSsYcan be easily bent and curved 
in any direction and even .coupled to components in motion to deliver -liquid 
under pressure to do work. In many casbs, to do the same work with 
mechanical linkage would require a large; number of complicated lever's, 
fulcrum., shafts, and cranks. Any 'hydraulic system will usually have a 
reservoir, pump, cylinder or motor, controlling valves, and connecting 



17. PRACTICE TASKS. The appendix of this lesson contains a'list of tasks 
associated with the fundamentals, of hydraulics. They are the kind of tasks 
you will have.to do as a wheeled ^vehicle mechanic. Perform all of the 
tasks listed. Be sure you are under the supervision of an officer, NCO, or 
specialist who > is qualified in the'MOS when you practice the tasks If you 
are having difficulty in certain tasks, restudy the appropriate training 
material and practice the tasks until you become proficient in each one. 



\ 
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EXERCISE 

1. Which statement concerning liquids is true? 

a. Liquids are the only known substances that do not have a shape 
of their own 

b. It is difficult to transmit force through a liquid if it must foll6w 
a winding-path 

c. Liquids can be compressed less than most solids 

Note , - Questions 2 through 4 apply to the following illustration. 
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Piston A 
2 square inches 



Piston B 
4 square inches 




2. How many pounds of pressure will be exerte,d on each square inch of 
piston A if a 200-pound weight is placed on piston B? 



a. 50 

b. 100 

c. 200 



3. How many inches will piston A move if piston B is pushed down 2 inches? 



a. 2 

b. 4 

c. 8 



,4. What is the mechanical advantage ratio of the two pistons? 

a. 1:1. 

b. 2":1 ; 
c 4:1 
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5. Which hydraulic system part is .used to change liquid flow to mechaSSS 
movement? , * 

a. Pump • 

b. Valve 

c. Motor 

6. Which valve is Changed from the*fully closed position to the fully open 
position by rptating its controlling member 1/4 turn? 

a. Globe 

b. .Gate 

c. Cock 

7. What opens a check valve in a hydraulic system? 

a. Liquid flow ■ 

b. Spring pressure 

c. Gravity 

8. Which valve is used to limit the maximum pressure in a hydraulic 
system? 

Check 
b* Regulator 
c. . Spool 

» ~ - - - _ _ • * , 

9. Which factor will have tHr MOST affect on the amount of liquid pumped 
by a positive displacement pump in a given time? • 

a. The amount of pressure developed 

b. The number of cycles of pump operation that occurs 

c. The viscosity of the liquid being pumped ' , 

10* What unit provide* a supply of liquid under pressure in addition to the 
pump? - . . / 



\ 



a* Regulator, 

b. Moto£ 

cA Accumulator 
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11. Which pump contains intake and discharge valves? 

a. Reciprocating 

b. Gear 

c. Vane i ^ 

12. When the hydraulically operated dump bed of a truck is lowered by 
gravity, the dump bed will most likely be raised by a 

a. double-acting cylinder. ^ 

b. ' gear-type motor. # * 

c. single-acting cylinder. 
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13. /Whe^the piston rod of a double-acting cylinder is being extended, 
; \ liquid is flowing between the rod end of the cylinder and the 

a. pump. 

b. relief valve. 

c. Reservoir. 

-* « 

14. What part is constructed almost identical to the hydraulic motor?" 

a. Cylinder 

b. Pump 

c. Accumulator 

15. What shape is best suited for a hydraulic reservoir on an automotive 
vehicle? * 

a. Tall and slim * * 

b. Sfeort and wide 

1 c. Wide bottom and narrow ton 

— . -J 

16 J .Which kind of oil should be used in a hydraulic system that contains 
rubber oil s eals? ~ 

a. Mineral 

b. Vegetable 

c. OE 

A 

17. The accumulator will discharge liquid into the hydraulic system when 



a. the liquid 8 sure produced by/the pump is increasing. 

b. a sudden demand for liquid exceeds the output of the pump. 

c. pressure output from the pump exceeds the amount required 
to open the pressure regulator. 
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18. Which valve is designed to Deleft in a partially open position? ^ 



a. Cock i \ 

b. Gate , ! 



c. Needle 



19. Condensation is most likely to form in the hydrate reservoir when 
the 

a. level of fluid is low. 

b. level of fluid is high. 
C ./fluid is too hot. 



20. Mechanical advantage is gained hydraulically in a simple hydraulic 
jack because of the difference in the diameter of the pump cylinder 
and the 



a. fluid passages, 
bu ram piston, 
c. check valves. 



APPENDIX , , 



PRACTICE TASK LIST 

Practice Objective • ~ *\After practicing th^ following tasks 

/ y<?u will be able to: , 

♦ 

< 1. Locate and usfi hydraulic equipment 

used in the repair of wheeled vehicle 
- in your work area. 

Locate hydraulic components in 
hydraulic syatemS on wheeled 



vehicles* 

3. Inspect the fluid level and select 
the correct hydraulic fluids to use" 
in different hydraulic systems of 
wheeled vehicles* 



Practice Tasks* 



1. There are probably several examples of hydratilically operated equip- 
ment in your unit's maintenance shop. One example, found in agy automo- 
tive shop, is a hydraulic jack. If your shop repairs wrecked vehicle bodies, 
it probably also has a hydraulic ram called'the Port-a-Power. .You may 
even,find a hydraulically operated tester that is used to check the .cracking 
pressure of fuel injector nozzles. Locate and examine all hydraulic equip- 
ment your shcrp may have. < 

2; Get a hydraulicTjack from, the toolroom. C$ieck the jack for evidence of 
leaks. Unless the leak is fcad, it probably will not show uhless the jack is 
under load. Locate the reservoir filler plug. Locate the release valve. On 
small portable jacks this valve usually resembles a screw with a T-bar on 
the head so tt can be turned easily* 

3. ( Position the jack under the axle of a vehicle. Test*the operation of t$ie 
jack by raising and lowering the vehicle. 

4. Using the vehicle TM a? a guide, locate the following items on a 5 -ton 
wrecker: " , 

♦ 

_a. Hydraulic brake master cylinder. | 

b # HydrauJ^ power steering reservoir., — 
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c. Power steering pump, y < 
d # Power steering control vaive. ] 

e. Power steering piston cylinder. 

• j > ' - 

5i Using the lubrication order for the vehicle as a guide, inspect the 
hydraulic fluid level in the hydraulic brakes and power steering. Locate 
th* correct fluid to use in each hydraulic-system. 

6. Using the vehicle TM as a guide, locate the following items on a rough 
terirain forklift truck: 
/ 



s: Hyay&mid an t&ak (y&aaWaif). — — s — — 

b. Hydraulic oil tank filter. 

c. Fork tilt cylinder. JF 

d. Foi^dift cylinders. * 

e. Oscillation cylinder. 

f. * Steering cylinder*. 

<g. Hydraxxlic oij^pumps/ 1 * 

h. Hydr&^licJiiie.s. A* > ' . 

7. Using the lubrlcf&on ^d^r for tWlorkli^t- truck as a' guide, check the 
oil level in the hydraulic oi* tenk:^Lpc|±e the correct fluid to use in the 
hydraulic System, Note that the fl&d |yj>e paries; depending on the/expected, 
temperatures. • . S ••♦•'» • * ~ 
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Lesson 2 .' Ifa|roduction to Wheeled Vehicle 

feering Systems 

Crjgfiit Hc^urs , . . . ^f^\. . . . Three ' 



Lesson Qbjective After studying this lesson you will be 

. able to: , ^ 

<* 

1. Compare the fifth wheel and 
Ackerman methods of steering. 

"* 2. Describe the steering linkage. 

« 

3. Explain how steering gears operate. 

4. Describe the worm and sector 
*» steering gear. 



roller 



5. describe the worm and ro 

steering gear, . 

6. m Describe the°cam and lever 

steering gear. 

7. Describe the worm and ball nut 
steering gear. 

8. Explain the operation of the Ross 
HP 70 power steering system. 
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9. Define caster and describe its 
effect on steering. 

10 % Define camber and describe its 
effect on steering. 

V * 

11. Define kingpin inclination and. 
describe its effect' on steering. 

12. Define toe-in and explain why it 
is needed. 

r 

13. Define toe -out and explain why- 
it is needed. 

Attached Memorandum 



Materials Required Answer sheet aiid response list 

^ ^-rr-w^.- ^ r ~~. ^ ^— -f _ - 

Suggestions .v. . Refer to the illustration. 

FOREWORD 

One of the mosjt interesting features on wheeled vehicles is the steering 
system. We usually think of the steering system as all jthe parts that are 
, necessary to make the front wheels turn in the direction we wish to go. 
Such parts would include a steering wheel, -a geaj box,' and all linkages 
and levers needed to control the front wheels. .> 

You will find, however, that the steering system must be carefully'designed 
so that the driver can, without too much effort, keep the vehicle going 
straight ahead or turn it to the right or left as he wishes. The driver must 
be able to easily overcome any tendency of the front wheels to' go the right 
or left as a result of striking holes in the road,~rbciks , stumps^ or other 
• obstructions ♦ Such obstructions try to stop &e wheel that strikes them, 
w£ile the other front wheel tries to keep foiling. Ii*£»e!ra situation the 
vehicle would attempt to turn in the direction, of tlfewheel striking the 
obstruction* This effort by the wheel to change direction is called road 
shock and^it tries to jerk the steering wheel out of the driver's hands. 
At the very least, hitting obstructions makes it difficult to control the 
vehicle. Steering systems are dehigned to reduce the shock caused by ■ 
striking obstructions. * 

Another feature of the steering system is the front -whe&l aline ment, wliich .. 
is commonly referred to as steering geometry. Fr ont -whe et-tflinem ekt can 
be defined as the proper positioning of the fa;ont wheels to make them e\sy to 
turn to the right or left and tcvreduce the tendency'of the tires to scuff o\ 
wear unevenly. Proper alindmint also reduces the tenderffcy of the front] 
wheels to wander or shimmf-and makes it much easier to control thej^enicle 
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' SECTION I. 
1. -FIFTH WHEEL STEERING; 
Renpember the toy wagon you 
played with in your younger days? 
In order ta steer the wagon you* 
merely pulled the wagon tongue 
to the right or left and the axle 
and both front^ wheels turned with 
the tongue. The aile was a. single 
shaft with the wheels mounted on 
its ends. There was a pivot at a 
the center of €he axle so it could 
be turned to chapge the wheels - 
from the straight-ahead'position. 
This type of steering arr^ngemer 
is known as fifth wheel steering. 
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a. Fifth wheel, steering is commonly used on towed vehicles such as 
semitrailers pulled by tractor-trucks. The lower part of the steering pivot 
or fifth 'wheel is rnounted over the center, and. slightly to the front, of the 
rear axie' of the tractor. It has a kingpin lock to hold the kingpin or pivot 
pin oijhe semitrailer in the center of the fifth wheels 

\ ■** • % 
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FIFTH WHEEL 




lASf PIVOT SHAFT 

^4 NUT (10) 



* (1) Usually thelowe* *i'th 

wheel is mounted on the tracto 
two pivot shafts. One shaft is k 
tionecjLcrosswise to the tracto*;* the 
other lengthwise. This allows the 
lower iifth wheel to tip'' at various 
angles to the tractor chassis, keep- 
ing the bearing surfaces of upper 
and lower halves of the fifth wheel 
in firm contact as 'the tractor and 
trailer travel over unlevel roads. 



(2) The upper part of the fifth wheel consists of a pickup plate and 
kingpin secured to the bottom front of the semitrailer. A groove around the 
kingpin allows engagements the Kingpin lock.— 
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b. It should be noted that whei^the semitrailer is connected td the 
tractor, the bottom/of the trailer is higher than the tractor wheels. This is 
•necessary because as the truck^and trailer make a turn, the entire rear 
axle and *rheel assembly .pivot under the front of the trailer frame just as it 
did on your toy wagon. If the turn is shaf p enough, the wheel on the inside 
of the turn will move to about the middle under the trailer chassis; so clear- 
ance must be provided for "the wheel. 




2. ACKER^MAN STEERING. Obviously, the fifth wheel fhethod of steering 
is not suitable for use in steering a modern car or truck. t The vehicle 
chassis would have to be too high off the ground^to provide clearance for 
the front wheels. . Cars and trucks use a front wheel arrangement that is 
called the Ackerman steering method. 
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a. With this arrangement 
the axle is held at right angles 
to the vehicle frame and cannot 
pivot. The Wheels can be 
changed from the straight-ahead 
position independently on separate 
pivot pins or knuckle pivots at the 
ends of the axle* 
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b. We will be 'discussing the Ackerman steering, method throughout the 
remainder of this lesson, so let's clarify' a couple of terms that we wilLbe 
using in regard to wheel movements with this. method. When we say "the 
wheels .pivot, " we mean that they are changed in relation to the straight- 
ahead position as they are when making a right or left turn. When we say * 
"the wheels rotate, " we mean that they turn*on their spindles as they do' 
when the vehicle rolls forward or backward, 

f< • 

3. STEERING LINKAGE. In order to make a turn, the driver. of a car or 
truck merely turns the steering wheel to the right* or left, depending on the 
direction he wants to turn. Because each front wheel has its own separate ' 
.steering pivot, a considerably amount of linkage is needed to transfer, the ' 
steering 'wheel movements to both wheels. The steering wheel is located at 
the top. of "a steering column, and as,it is turnedva steering gear at the bottom 
of the column is operated. The steering linkage can be described as all of 
the levers, rods, arm's, and links used to connect the steering gear to the 
front wheels. There" is a wide variation in the amount of steering linkage 
used due. to the difference in design of the many vehicle models.' 
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a. Most vehicles with front 
axle suspension have a steering 
\ linkage arrangement like the one 
v sbown in the accompanying illus- 
tration. The linkage consists oi 
the pitman arm, which is splined 
to the output shaft 'or pitnqan arm 
I haft of the steering gear; the drag 
link, which links the pitman arm to 
the steering knuckle arm of the left 
front wheel; two steering knuckle 
arms, one secured to each of the 
front-wheel spindles; and the tie 
rod, which links the two front-wheel 
steering arms. together; The link- 
age may be arranged so that the tie 
rod is in* front of the axle instead 
. of behind it. 



(1) Turning the steering wheel back and forth causes the pitman 
arm shaft to rotate back and forth. w This 'swings the pitman arm in an arc 
so that the drag link moves back and forth in a straight line. The drag link 
transmit^ the movement to the left steering arm to pivot the left wheel 
spindle and wheel back and forth on the steering knuckle pivots. Pivot move- 
ments of the left wheel are transmitted to the right wheel by the tie rod. 
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(2) The drag link and tie 
rod are fastened to the pitman and 
steering arms by a joint that permits 
a swiveling action. The adjustable 
ball socket is one type of joint that 
is comfrionly used on the drag link. 
Ball type studs^rfe secured to the 
pitman arm and the left steering 
arm. A housing is provided at each 
end of the drag link to receive the 
balls. Ball sockets, coil springs, 
spring seats/ and a screw plug are 
inserted into, the housings to hold 
the balls. The screw plug can be 
screwed in ,or out to tighten or 
loosen the joint, lubrication fittings 
are provided for each joint. Shields 
are located at the points where the 
ball studs enter the housings to hold 
the lubrication in and to keep dirt out. 
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(3) The tie rod also -makes 
use of ball and socket type jpints, but 
generally they are'i^ade so that they 
cannot be adjusted. A spring holds 
the ball in\ts seat to prevent slack* 
The ball of a tie rod end hps a ta- 
pered shank or stud that fits into a 
matching tapered hole in the steer- 
ing arm. The end of the ball stud 
is threaded and drilled so it can be 
secured to the steering knuckle arms 
with a nut and cotter key. 




CLAMP KXT 
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(a) Each tie rod end is threaded and is # screwed onto threaded 
ends of the tie rod. A, clamp bolt is provided to prevent the tie rod from 
turning on the threads of the. tie rod end once the ends have been installed. 

(b) One tie rod end and one end of the tie rod have left-hand 
threads, while the other tie rod end and the opposite end of the tie rod have 
right-hand threads. Tins is so the overall length of the tie rod assembly 
can be adjusted when v alining the front wheels without disconnecting either 
tie rod end. 



b. If the vehicle has independent froAt-wheel suspension instead of an 
axle, the steering linkage arrangement is a lot different. Two tie rods are 
required so one wheel can raise^and lower without affecting the steering of 
the other wheel. Ivfany different linkage arrangements are used with inde- 
pendent suspension. 'Some are quite simple, with the linkage consisting of 
no more than the pitman. arm, two tie rods, and the steering arms. 



STABILIZE* ATTACHMENT TO} 
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(1) Other common arrangements add an idler armand drag link. ' 
In these arrangements the idler arm is mounted 'on the right frame rail by , 
a bracket so it sets parallel to the pitman arm. The drag link connects the 
pitman arm and idler arm so that moving the steering wheel causes both 
arms to swing in the same arc. Each steering arm is linked to the drag 
link by a separate tie rod. In this arrangement the drag link may be referred 
to by different names, such as relay rod, pitman arm- to-idler- arm rod, etc. 




IDLER ARM 



TIE ROD 



f 



DRAG LINK 




BRACKET 



TIE ROD 



(2) Usually the length of both tie rods is adjustable so that they 
can be adjusted independently when alining the fr,ont wheels. The ends on 
the drag dinks and tie rods in vehicles with independent wheel suspension 
are usually the non -adjustable ball and socket type. The ends are equipped 
with lubricating fittings on most vehicle s>, but on some late model cars they 
are lubricated for. life when manufactured, so' will not contain lubricating 
fittings. 



BRACK 



(3j Either threaded or 
^ rubbet-type bushings may be used 

at the idler arm-fo -idler arm 
bracket pivot. If the threaded* type 
bushing is used, the bushing con- 
tains both internal and external 
threads. The external threads are 
generally right-hand threads and ' 
are screwed into, anjl tightened in, 
a threaded hole in either the idler 
: arm or its bracket. The internal • 
* threads are generally left-hand 
threads and are screwed onto the 
threaded end of the arm or bracket 
until it bottoms and then is backed up 1/2 to 1 torn. This leaves the idler 
arm free to pivot on the inner threads of the bushing. 




THREADED BUSHING 
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4. STEERING GEAR PRINCIPLES. If^he steering wheel was coupled <*>o? 
directly to the pitnjan armiy. a *haft, £t would t>* r very hard for the driver 
to Steer the velhicle. Something must be. used between the steering wheel 
and pitman arm so the driver can 5 ^SiH*a"*mechanical advantage to make 
.steering easier. This is provided by the steering gear. 



•OCT 



a. The principles of steering , gears can be demonstrated wit^^ bplt * 
and a nut in the following manner. Screw the nut to the midpoint of the 
threads on the bolt. Place the end of the bolt against a flat surface so it 
# cannot "move back 

and forth but can 
be rotated. ' Hold 
the nut so it can-* 
not rotate; then 
turn the bolts 
When the bolt ik f> 
turned clockwise 
the nut is- pulled' 
toward the bolt's 
head. When the 
bolt is turned 
counterclockwise 
the nut will be 
moved away from 
the bolt's head. * 




COUNTW i 

ctoowis** 



aoacwisfc 



•b. Now, if we cut out a section of the nut, attach a shaft to it, and 
place it against the bolt, we can see how this principle is used in the steer- 
ing* gear. With this arrangement, turning* the bplt back and forth will cause 
the nut section to swing back and forth, turning the shaft with it. ^ 
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(1) . In a steering gear the part that is like t he-Jholt is called the 
worm. The worm is secured to the xower. end of a shaft with the steering 
wheel on the opposite end of the shaft so that the worm and steering wheel* 
turn together. The steering gear part that is like the section of a nut is 
called the sector and its shaft is called the pitman arm shaft. The pitman 
arm is splined to the pitman arm shaft. 

(2) The steering gear worm (bolt) and the sector (nut section) are 
machined so that they have very little lash or clearance between their threads 
in the midposition. However, as the -worm is turned to steer-the vehicle either 
to the rigfht or the left, the amount of lash gets greater.* This makes up for 
unequal we^r that occurs in normal use. Vehicles are operated in the straight- 
ahead position most of the time, so most of,the wear is in the center of the 
steering gear worm. 



v 



* (3) It requires 2-1/2 to 3-1/2 turns of the steering wheel and worm' 
to move thfe pitman arm shaft through its entire allowable movement,, which is 
an arc of about 70 degrees. That will pivot the front wheels from a hard turn 
in one direction to^a hard turn in the opposite direction. The steering wheel 
has to be turned farther because of the mechanical advantage gaihed by the 
worm and sector. Most steering gears are designed so that they provide 
more mechanical advantage in the midposition than when turned to the extreme 
right or left, so they are said to have a variable ratio. Many Afferent kinds ' 
of steering gears are,used, but they all work in about the same manner. In 
the next four paragraphs we will take a look at some of the different types, of 
, steering gears. 



5. WORM AND SECTOR STEER- 
ING GEAR. This type of steering 
gear looks a lot like our bolt and 
nut steering gear. Often the sec- 
tor of this type is compared tp a 
gear instead of a nut. The teeth 
of the sector are machined in an* 
arc, pr curve, so that they 
actually look like a section of a 
gear. * 
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a. As the steering wheel and worm turn, the worm pivots the sector * 
and-pitman arm shaft. The sector can^pnly pivot through aii arc*of 70° be- 
cause it is stopped, at each extreme by the sector touching the steering gear 
housing. 



3* 



b. fl : The worm is assem- 
bled between bearings, with 
some means provided for ad- 
justing the bearings to control 
worm end play/ The pitman 
arm siiaft is fitted into the 
steering gear housing on bear- 
ings which are generally the 
bushdrtg type, but roller-type 
bearings are sometimes used. y 
A lash adjustment screw is 
also provided so that the sec T 
tor can be mo^d closer to, or 
fkrther away Jrorti, the worm 
gfear tp control the amount of 
backlash Jft^Jgareen the sector 
aftd worfe threads or teeth. 

c. The Worm and sector steering gear is very simple in ^construction, 
wMchjnak^ to build and easy to maintain-, A disadvantage 'is that 

Jt-ter-aTotof friction due to the sliding action between the worm and s^ctor^ 
gear teeth. 




6. WOIfcM AND ROLLER STEERING 
GEAR. The worm and roller steering 
gear is much like the worm and sec- 
tor v butrif changes the sliding friction 
to rolling friction so, that less effort 
is required to turn the steering wheel. 
This is made possible by machining 
the sector teeth on a roller. 



' PITMAN ARM SHAFT 




ROLLER 
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WMAN 
AIM SHAFT 




a. Friction is 
reduced even more 
by mounting the roller 
on bearings in a saddle 
at the inner end of the 
pitman arm shaft, \ 



b. The worm 
has an hourglass 
shape; that is, the 
worm is smaller in 
the center than at 
x both ends. The 
reason for cutting 
the worm in an 
hourglass shape 
is so that the 
roller will stay- 
in better contact 
with the worm 
teeth at the ends 
of 'the worm/ 
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7. CAM AND 
LEVER STEERING 
GEAR. In the cam 
and lever steering * 4 
gear, the worm is 
• known as a cam. 
Th^ inner end of 
the pitman arm 
shaft has a le^er 
that contains a 
tapered stud. The 
stud engages in 
the cam so that the 
lever will be moved 
back and forth when 
the cam is turned ^ 
back and forth. V 



• a. When the 
tapered stud is 
fixed in the lever 
so that it can't 
rotate, there is 
sliding -frie^i on - 
between it and the 
cam. Therefore, 
on some vehicles 
using this type of 
Peering gear,* the 
stud is mounted in 
bearings so that it 
can roll in the cam 
groove >(threadsj 
instead of sliding. 
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b. Some large 
truteks use a cam 
and twin lever steer- 
ing v gear. This ^ 
nothing more than a 
cam and lever gear 
with two'tapered 
studs, instead" of 
one. . The studs 
may be fixed in the 
lever or they may 
be mounted on 
bearings. 



i. WORM AND BALL NUT STEERING GEAR. Another form of steering 
gear'is called the worm and ball nut. In its operation ^this^bne really acts 
like a bolt and a nut. A nut is meshed with the worm and screws^up and - 
down when £he worijiis turned back and forth. - * - 



■ X 
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. a, These* Steer- 
ing gears are also 0 
commonly called the 
recirculating ball 
type: Both the nut 
and* the worm have * 
.round -shaped threads 
so steel balls can fi£ 
in them. and act as a 
•bearing to reduce the 
frictioA between the 
worm and nut. 'Ball 
guides on one side of 
the nvi^allow the Vails 
to recirculate as the 
worm is turned to 
screw the nut back 
and forth pn the worm. 



STOP 
. PIN 




NUT*. * 



b. nut has teeth on one side that mesh with the sector and turn 

the pitman arm. shaft back and forth as the nut is moved back and forth. 
As with all 'the rest of the steering gears we have described, the en^L play 
of the.wbrm and' the backlash between the nut and sector teeth are afljus*table. 
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9. POWER STEERING. Steering gears provide a mechanical advantage 
ratio -of 11 or 12:1 for light cars and up to 18:1 or more for heavy trucks. 
Often more mechanical advantage is desired to make some heavy vehicles • 
easier to steer. This is not practical though as it would require an exces- 
sive amount of turning at the steering wheel to pivot the front wheels. In 
order to reduce the amount of effort required to turn the wheels without 
increasing the amount that the steering wheeHs turned,' power steering is 
used. ^ 




a. The term "power steering 11 
is well known in. the automotive field 
as hydraulic po>$'er steering is widely 
used on passenger cars. A hydraulic 
power steering system consists of a 
double -action power cylinder, pump, 
reservoir, -valves, and the connect- 
ing lines and fittings. In one arrange- 
ment the v.ehicle has a conventional 
steering gear and the power cylinder 
is connected to the steering linkage * 
so it will assist in moving the.linkage.' 
A spool type control valve is located in 
arm movement. Hydraulic pressure is 
driven from the engine. 



the drag* link and operated by pitman 
supplied by the pump, which is belt- 
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b. In another 
common powei* 
steering arrange- 
ment the power x 
cylinder and con- 
trol valve, operate 
from, and give 
power assist 
directly to, the 
steering gear 
assembly. The 
power steering 
used on the Army's 
5 -ton, 6x6 trucks 
is sucH an arrange- 
ment. The 5 -ton 
trucks have the 
* Ross model HP 70 
steering ge^r. The 
steering gearJLs the cam-and-Ifever type.V The pitman arm shaft is attached 
-ta the -center- of the lever* - The -tapered- stud -is- mounted on bearings in the - . - 
lever's lower end and engages the steering gear cam. The upper end of the 
lever is slotted to receive a lever block on the power cylinder piston rod. The 
control valve and power cylinder are mounted on the steering gear housing. 

(1) The complete ' ^ . 

HP 70 hydraulic system of 
the 5 -ton truck includes the 
oil reservoir, the power 
cylinder, hydraulic con- 
trol viftve, relief valve, 
pump, - and connecting- 
lines. The engine driven 
pump draws oil from the 
reservoir through the 
suction line and dis- 
charges it into the pres- 
sure line. °Oil under 
pressure first flows to 
the relief valve, which * 
is bolted to the steering 
gear housing. /A The re- 
lief valve is set to limit ^ 
the pressure to 750 PSI. 

Excess pressure is released through a line from the, relief valve to the 
reservoir. The pressure line from the relief valve Olivers oil tp the con- 
trol valve. The control valve directs oil tQ and from the^potyer cylinder and 
to the re&ervoir to control the system. * t 
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Oil reservoir 
Vent line 
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Steering gear housing 
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Hydraulic control valve 
Relief valve assembly 
Hydraulic pump assembly 
Self-sealingrcouplings 



76 



•M) Suppose that the driver turn* the steering wheel to make a left 
turn. The cam will try to move endwise to the left as*it exerts pressure on 

- v the stud. This compresses -the spring at the-fower end of the cam, and the 
cam moves. to the left. The control valve lever pivots, moving the control 

-/ valve to the right. 



TO RESERVOIR 



\ FROM PUMP 




POWER FLOW 
LEFT STEER 



(a) TlU shoulders of the spool control valve now block the oil 
flow from the pump to the reservoir and to the lef? side of the power cylinder 
piston. However, a passage is left open that allows the pump-to force oil 
through the valve to the right side of the power cylinder piston, which 
pushes the piston to the left." The mechanical force exerted by the cam on 
the stud at one end. of the lever and the hydraulic power cylinder piston 
pushing on the lever at its opposite end now work together, applying pressure 
directly to the lever to turn the pitman arm shaft. 



\ » 
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(b) As the drivel: continues to turn the steering wheel to the 
left, the pitman arm shaft continues, to pivot and the power, cylinder piston 
moves to the left. Oil on the left side of the piston is returned to the reser- 
voir through the control valve* As soon as the driver stops the turning 
effort on the steering wheel, the compressed spring on the bottom of the 
cam expands, moving the cam and control valve back to the neutral'position. 

(5) When the steering wheel is' turned for a right turn, ihe endwise 
movement of the cam is to the right, compressing the spring at the upper 
end of the cam. The control valve is moved to t;he left and directs oil from 
;the pump to the left side of the power cylinder. A power assist is now fur- 
nished for a right turn. Oil that is being pushed from the right side of the 
cylinder passes through the passage in the drilled center of the control 
valve and returns to the reservoir. 




v (6) As long as the driver is turning the steering wheel, the power 
cylinder w}ll assist him. The instant he stops the turning effort the springs 
at the ends of the cam return the control valve to the neutral position and the 
power* assist stops. The driver is in full control at all tinges because tk^ 
ppwer assist operates only when the driver exeats a turning effort on the \ 
steering jwhe el: ♦ \ 
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(7) The amount of pressure developed in the system at any given 
time depends on the amount of resistance offered to oil flow* The resistance 
varies according to the steering situation. When the control valve is in the 
neutral position, oil flows freely back to the reservoir so very little pressure 
\will be developed* , 

(a) When the driver turns the steering wheel and oil is directed 
to tlite power cylinder, pressure will increase* ii the vehicle is moving it is* 
fairly *asy to turn, so the cylinder piston moves readily with fairly low hy- 
draulic pressure. Just enough pressure is developed to move the piston. 4 

If the truck is not moving* when' turning the steering wheel, 
the* front wheels are extremely hard to pivot. In this case, a high hydraulic ' 
pr e ssure will redeveloped before^he power cylinder piston moves*, 

(c) ^f it is not possible to piyot the wheels, such as when they 
are in ruts or up against the curb, the hydraulic pressure will build up to the 
setting of the relief (regulator) valve. At this point, tlie relief-valve will 
open and by pa as the e 
system* 



:ess oil to the reservbiT to preyent damage to the 



(8) Power steeriilg also acts to reduce the amount of road shock 
transmitted to the steering wheel* When a front wheel hits a bump or a hole 
in the road, ittriesto stop or\urn in another direction. The wheel's move- 
ment is transmitted through theSlinkage and steering gear to the steering 
wheel. .On big trucks this mover^ent can be so bad that it may jerk the 
steering wheel from the driver's Hands. Here is how power steering reduces 
this action. 



(a) When the front wheel^hits a bump, it cannot turn the power 
steering gear very quickly because it must move the power cylinder piston, 
too. With oil on each side of thte piston, the power cylinder works much 
like the shock absorber does on the suspension. Besides acting like a shock 
absorber, power steering works in another w^ty to reduce road shock. 

(b) When road shock^causes the f^ont wheel to move the steer- 
ing-linkage and steering gear lever, the lever sWd pushes on the cam. This 
causes ?in endwise riiovement of the cam and moveVthe control valve from 
the neutral position. Oil from the pump is then directed to the side of th£ 
power cylinder piston that will resist the movement. \ln this manner, the. * 
power cylinder will always be working with hydraulic pressure to oppose any 
movements caused by road shock. 



\ 
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SECTION H, PRINCIPLES OF WHEEL ALINEMENT 

10* GENERAL. It is not enough to merely place the front wheels on spindles 
and steering knuckles so they can roll and so the driver can pivot them to the 
right or left. The wheels must be pointed or alined just right if the vehicle is 
to steer properly. 

a. Wheel alinement, or steering geometry as it is sometimes called, is 
the positioning of the front wheels td best control or assist such forces as 
gravity, friction, momentum, and centrifugal force. All of these forces tend 
to make steering difficult. 



< ^ b. Perfectly alined wheels should not have the tendency to wander, 
weave, shimmy, or scuff tires, yet they should be easy to pivot when making 
a turn. In addition, the front wheels should stradfchten out if the driver 
releases the steering wheel after turning a corner? 



c.» To do all this, the front wheels and their pivot points are not 
positioned straight up and down or straight ahead. They are tilted at various 
angles. .There are five different angles involved in the alineme^ of the front 
wheels. They a*r..e called castdry- camber, kingpin inclination, to'fe^in, and - 
toe-out. Definitions of these angles and the effect they produce are given 
in the following paragraphs , " ' * * 

11. CASTER. ' If you have ridden a bicycle you * 
probably noticed thafc the fork in which the front 
> wheel was mounted was tilted backward at the 
top. A straight line drawn down through the' 
front-wheel pivot or kingpin would strike the 
groun^ahead of the point whdre the tire contacts 
the road. A wheel mounted in this fashion is 
s^icTto have positive (+) caster or just caster. 
If the top of the kingpin is tilted forward so a 
straight line drawn through it will hit behind / 
the point wheare Jthe tire contacts the ground, 
the wheel is said to have negative (-) caster. 
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a. On a vehicle with axle 
suspension, caster is obtained by 
the axle being mounted so that the 
top of the steering knuckle or king- 
pin is tilted to the rear. On inde- 
pendent suspension the upper pivot 
point is set to the rear of the lower 
pivot point. ^ 



(1) The caster angle is measured in degrees. The angle is shown 
by drawing one line straight up and down and' then drawing a second line 
through the center of the kingpin or pivot points. The caster angle is the 
angle formed at the point where the two lines cross as viewed from the 

siUe of ^He'VeHcle. * I " ~" 

(2) From the above description of caster we can say that caster or 
positive caster is the backward tilt of the kingpin at the top. Negative caster 
is just the reverse, with the kingpin tilted forward at the top. J 

b. Positive caster cause? the vehicle to steer in the direction that it 
tends to go. This is called an automatic steering effect. For instance, the 
forward momentum.of a vehicle tends to keep wheels with positive caster in 
the straight-ahead position. After rounding a turn, this causes the wheels 
to return to a straight-ahead position if the driver releases the steering 
wheel. This automatic steering effect is also called self-righting action or 
self-centering action. 

(1) The automatic steering effect c 
of caster can be shown by picturing d bicycle 
with an excess amount of caster. As the 
wfieel is pushed forward it resists movement, 
so it pulls back at the point where it contacts 
the 'road. Since the kingpin is w pointed in front 
% 6£ the tire contact, the wheel pulling back' 
tends to keep it in the straight-ahead position^ 

CASTER ANGLE (EXAGGERATEO) 





2-25 



75 



(2) Forces other than forward momentum: also react with caster so 
that the automatic steering is not always perfectly straight ahead. Any force 
that is pushing on the side. of the vehicle tends to pivot the wheels in the direc- 
tion of the force. For this reason, positive caster tends to cause a vehicle^o 
steer down off a crowned road and in the direction of a crosswind. Some 
passenger cars are designed to have. negative caster so that just the opposite 
will happen; that is, they will tend to steer up a crowned road and againsl or 
into a crosswind. 



12. CAMBER. The camber angle 
is determined by viewing the wheels 
from the front. If the wheels are 
tilted out at the top, they have posi- 
tive camber. If they are tilted in, 
they have negative camber. The 
camber angle is measured in degrees. 
It is shown by drawing one line 
through the center of the wheel and 
then drawing a second line straight up 
-and -dowir sa"thair it~ crasrse s the iir st~" ~ 
Camber is obtained by having thp * 
wheel spindle pointed downward, at 
the outer end. 
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a. Originally roads .were 
built with a high crown; that is, 
they'wfcrl high in the middle and 
sloped downward to the sides/ A 
large amount of positive wheel 
camber was^ifeeded so^that the 
tir.e would contact the road squarely. 
If the tire does not set squarely on 
the road, it will wear on one side 
and will not get a good grip* for 
positive steering control. Modern 
roads, howler, are made flat 
with very little crown, so very 
little camber is needed for this 
purpose on modern vehicles. 



^ 1 XJl 



b* Some camber is generally desirable, even with flat roads, because 
it moves the point of contact between the tire and the road more directly 
under, and closer to, the steering knuckle pivot. This makes- the wheels * 
easier to pivdt and reduce*-the amount of road shock that is sent to the 
vehicle suspension and steering linkage when the wheels hit bumps. It 

also places most of the load on>the large inner wheel bearing, 

**■■>«. 

• ♦ 
c. The amount of camber must 

be carefully considered when design- 
ing a Vehicle as it has spme'bad 
effects, and we don't want anymore 
than what: is necessary. Anyone that 
has ever rolled a tire by hand soon 
learned that he didn't have to turn , 
the tire in order to turn a corner . . 
All he had to do was tp tilt (camber) 
the tire to one side and it rolled 
around the corner like a cone* This 
is not a desiraT>le effect for the 
wheels of a vehicle. The cone effect 
-of positive camber -#ries--to-pivot- the — 
wheels out on a vehicle. This is 
sliown in the accdmpanying illustra- 
tion. If the wheel is to roll straight 
ahead it must follow path A, but 
because of the cone effect it will try 
to follow path B . 
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13. KINGPIN INCLINATION 5 .. In addi- 
tion to the caster tilt, the kingpin is 1 
also tilted inward at the top. This in- 
ward tilt is called kingpin inclination. 
It is determined by viewing the*kingpin 
or pivot points from the front. King- 
pin inclination is another 'alinement 
factor that is measured in degrees. It 
can be shown by drawing two lines that 
cross to form an angle. One line must* 
pass through the 'center of the pivot 
points or kingpin; the other line must 
be straight ^up and down. 
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■ a. Notice that the kingpin is , 
tilted in the opposite direction from 
the camb^red^wheel. Using kingpin 
inclination will seduce the amount of- 
camber needed to place the point 'of 
tire contact with the ground under 
the steering knuckle pivot. If the 
front wheels are alined properly, 
lines that are drawn through the 
center of the cambered wheel and 
the kingpin should "hit the ground 
close to where the tire contacts the 
ground. The combined angles of the 
kingpin inclination and the wheel - 
carjibeiris known as the included 
angle . 9 
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, * b. Kingpin inclination will also 

cause an autoj^tic ste^y„teg.^£fe-C.t.-._The _ . 

reason for this is shown in the accom- 
panying figure. When the wheeL spindle . 
is pointed toward point B, the ^heel is 
in the straight-ahead position. As it 
pivots for a turn the spindle drops 
down. Of course, the wheel cannot 
actually drop downward, because it is 
already resting on the ground. So the . 
' spindle and vehicle % are lifted. The 
weight of the vehicle tries to return the 
' wheel to the straight-ahead position, 

14. TOE-INg( Ideally, the front wheels should roll perfectly straight down 
the road, intact, if they are not alined so that they do, the tires scuff (slip 
sideways)? wearing the tread rapifily. As the vehicle mpves ahead, the 
wheels resist movement and hold back on the spindles. This force, plus that 
of the cone effect of camber wheels, causes the wheels to try to pivot out- 
ward. That is, the \eit wheel tries to pivot to the left and the right wheel to- 
the right. The wheels !are able to pivot out to some extent because the steer- 
ing knuckles and tie rod ends must have a slight amount of clearance to permit 
easy steering. To offset this, the wheels are alined with a slight amount of 
toe-in. , ^ 
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a. Wheels that are toed-in are closer together at the front than at the 71 
rear* Toe-in is measured in inches. The amount is found by measuring the 
distance between the front wheels, first at the front outer edges of the tires 
and then at their rear outer edges. The amount of toe-in is the difference 
\n the two measurements, which is usually about 1/32 inch to 178 inch. If 
the wheels are closer together in the rear than in the front, they are said 
to,be toed-out. The amount of toe-in can be adjusted by shortening or length- 
ening the adjustable^ie rod. 

-CENTEX UNE OF WHEELS 



r 




TOE-IN 15 DISTANCE ft~A 
MEASURED IN FRACTION* OF AN INCH 



b. Ideally, the,toe-in, as 'measured with the vehicle stationary, should 
exactly equal the arrfbunt the wheels jpivot outward with the vehicle running at 
its cruising speed. This way, the wheels roll perfectly straight ahead at 
cruising speed with no side slippage of the tires. 



2-29 



15. TOE-OUT. Sid^ slippage of the 
tires must also be considered when 
burning a corner to insure positive 
steering control and to prevent ex- 
cessive tire wear. Each wheel must 
be at a 90-degree a$gle to the center 
of rotation if it is to roll easily and 
not scuff the tread of the tire. This 
presents no problem for fifth wheel 
steering. Pivoting the axle assembly' 
moves the front wheel at the outer 
edge of the turning radius ahead of^ * 
the inner wtteel, and the 90-degree * 
angle is obtained. One straight line 
can be extended from the 'center of 
rotation and passed through the center 
of both front wheels. With Acker man 
steering, however, the wheels must 
toe-out on a turn. Let's figure out 
why. 
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»a. When turning a corner with 
Ackerman steering, one straight 
line cannot be extended from the 
center of rotation through the center 
of both front wheels. Instead, two 
lines must be extended at different 
angles £n order to pass through the 
center of the wheels. In order for 
both wheels to be at' a Q fl cfegftee _l 
angle to the center of rotation, the 
inner wheel ljnust pivot more than 
the outer wheel. The exact differ- 
ence in the amount that the wheels 
should pivot is the value of the 
angle formed by the lines extended 
from the ceAter of rotation through 
the center of the front wheels. For 
instance, if the lines form 0 a 3- 
degree angle, the inner wheel must 
pivot 3 degrees more than the outer 
wheel. 
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b. From»another vi^jjrpoint, we can compare the size of the circles that 
the front wheels travel and see the need* for toe-out. The outside wheel is 
traveling in a larger circle than the inside wheel. In order to travel in a 
smaller circle, the inner wheel must therefore pivot more than the outer 
eel. The sharper the turn, the greater the amount of toe-out needed. 



c. 'The fact that the wheels should,be toed-in in the straight- ahead 
position and then toed-out on turns presents an interesting design problem. 
The problem is made even harder by the fact thj,t when the vehicle, is turned 
to the left, the left wheel should pivot more; but if turned to the right, the 
right wheel should pivot more. Let's take a close look at the steering m k 
linkage to see how this is done. 0 

~ (1) First, let's suppose that the steering arms are set at right 
angles (90°) to the wheel spindles. With this arrangement, toe-out on turns 
cannot be obtained because both steering arms pivot the same number of 
degrees when the tie rod is moved a given distance lengthwise to the axle. 
For example, if the left steering arm and spindle pivot 42 degrees the tie 
rod moves the right steering arm the same distance, pivoting it 42 .degrees. 
Both steering arms move the saxrfe distance lengthwise to the axle and pivot 
cfa identical segments of an arc. 




{> 
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(2) In the vehicle, the steering arms are not St right (90°)/angles 
to the spindle.* If the tie rod is behind the axle,«»the steering arms point 
inward when the wheels are in the straight-ahead position. With this arrange 
ment, the wheels will toe-out on turns because the steering arms do not 
pivot thh same amount when they move the same amount lengthwise to the 
axje. Notice that if the left spindle pivotif 50 degrees £o the l^ft, the right 
spindle pivots 42 degrees. However, both spindles move the same distance 
lengthwise to the axle. This is because the" steering arms are pivoted on 
different segments of an arc. * 
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(3) Toe-out is generally spoken of-as'the number of degrees over 
20 that the inner wheel is turned when the outer wheel is turned 20 degrees. 
For instance, if the right wheel is turned 20 degrees and' the left wheel 23 
degrees on a left turn, the toe-oujb is 3 degrees. 
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SUMMARY. 
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a. The steering system is one of the most important controls the 
driver of a vehicle has. Towed vehicles are generally steered by a fifth 
wheel method, white trucks and passenger cars use Ackerman steering. 
Steering linkage links the pivoting action o^ the pitman arm shaft tb the 
front wheels. The main job of the steering gear is to provide a n^chanical 
advantage for easy ? steering. When it is not practical for the steering gear 
to provide enough mechanical advantage, some form of. power steering is 
used. ~ , o 



• 2-32 



82 



b. To have sure steering* smooth .operation, and reasonable tire wear,, 
the wheels must be aimed, or alined, to a definite plan, Alinement angles 
or alinement factors that are considered in wheel alinement are caster, 
camber, kingpin inclination, toe-in, and toe -out. The nature and the value 
of each alinement factor depend to a large extent on the design of the 
vehicleV w so will vary between different vehicles. 



17. PRACTICE TASKS, i;he appendix of this lesson contains a list of 
tasks associated with wheeled vehicle steering systems. They are* 
representative of the tasks you will be required to perform as a wheeled 
vehicle mechanic. Perform all of the tasks listed. Be> sure you are 
under the supervision of an "officer 9 NGO, of specialist who is qualified 
in the M05 when you practice the tasks. If you find you are having . 
difficulty in certain tasks, restudy the appropriate 'training material 
and practice the tasjcs until you become proficient in, "ea^ch one. 



EXERCISE 



21. What^typfe of steering sVstem is used on modern cars and trucks? 

a. Ackermari 

b. Radial 

c. Fifth wheel " „ ' 

22. The front wheels of a yshicle revolve on their * * * * 

• * * 

a. pivots. 4 

b. spindles. * . 

c. steering knuckles. 

25. What connects the front wheels together? ' * 

a. prag link - 

b. Steering arm * 

c. Tie rod 

24. What is reduced if a worm-and-rc-Uer type steering gear is used 
instead of a worm and sector? 

a. Thrust 
. . b.' Backlash 
c. Friction 

25. The threads on the worm of a worm and ball nut steering gear- are 
rounded in order to 



a. increase thread strength. 

b. ^ act as a bearing race. 

c. eliminate road shock. 

26. Which type of steering gear uses a tapered sti^l? 

. *a. Worm and roller . * , 

b. Worm and ball nut 

* 

c. Cam ,an4 lever k 



8f 
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27. In the Ross HP 70 power steering unit, what causes the control 77 
valve to move? 

a. Hydraulic pressure 

b. Endwise movement of the cam* * 

c. Rotation of the lever stud " - 

28. In the Ross power steering unit^-the relief valve is located in the 
high-pressure Uiie^between thj/discharge side of the pump and the 

a, reservoir outlet « * .« 

b, control valve. 

cJ hydraulic cylinder. * 

* . 

29. What direction must the kingpin b^ f|lted to have positive caster? 
*a. Outward 

b. -Forward ' 

c. \ Backward 4 « [ 

30. Positive camber places mpst of the load 6n the £ 

a. innd^ wheel bearing/ j * 

b. * outer wheel bearing. 

c. steering arm. v 

31. Placing\he point of 'contact between the tire and the road directly under 
. the steering knufckle pivot' will Teduce the amount of 4 . . 

• m * » 

$. toe- out needed on turns. 

b. . road shock transmitted to the steering linkage. 

c. toe-in required to offset the cone effect of camber. 

32. What is controlled by the* angle formed by the steering arm and wheel 
spindles? - ' \ 

■ t * 

a. foe-in X 

b. • Toe -i out on turns 

c- Kingpin inclination' # . 



33* ,What changes the rotary motiorf of the steering g#a* to linear (straight 
line) jnotion?* y . * ^\ * v 

a. Drag link- ' ; 4 

b. -Pitman arm t . J -W 

c. Tie rod , ; >**^ 



34. . When all the steering linkage is behind the axle, lengthening the tie 7<P 
rod will * 

a. increase toe-in. ' 

b. reduce toe-in. 

c. increase toe-out on turns. / 

35. What two steering angles are combined to majce the included angle? 



a. Caster and camber 

b. Camber and kingpin inclination v 

c. Kingpin inclination and toe-in 

t 

36. Clearance betwe.en the worm arid sector teeth is controlled by the 

a. thrust bearing?. 

b. lash adjusting screw. 

c. recirculating balls. 

37. , In the Ross power steering unit, the hydraulic aasist is applied 
t directly to the m - b * 

a. cam. * 

b. pitman arm. 

c. lever. * * < s % 

38. * What alineinent factbr is obtained by tilting th* steering knuckle pivots 

inward at the top as viewed from the front of the vehicle? 4 

4. Camber % ' 

b« Kingpin inclination , 

c. Caster • / 

• * • 

39. The automatic steering effect is also known as 

y a. hydraulic. steering. * * 

b. self-righting action. „ 

c. toe-out on turns. ♦ g 

40. What alinement factor causes the front tires to try to roll like a cone? » 

' 1 a. Caster * " * * 4 ' 

b. Camber * 

£• Toe-in < ' 
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41. What steeping gear part shown-in the illustration works nuch like a nut? 7? 



a. 3 

b. 2 

c. 1 




\ 



42. In what direction must the tops of the kingpins be tilted to cause an 
automatic steering effect that tends to stee^the vehicle into a 



crosswind? 

a. Forward 

b. - .'Backward, 

c. Inward 



£3. What illustration shows the worm and roller steering gear? 
a. b. o c. 





mm 
fans* 
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Which statement concerning steering gears is true? 



The pitman arm shaft and the worm shaft rotate at the same speed 

b. The mechanical advantage is greater when the front wheels are 
pivpted all the way to the right or left than when straight ahead 

c. Lash between the worm and the sector is not as great when the 
vehicle is going straight atiead as it is when turning a corner 

Which alinemdnt factor will be affected if the angle'formed by items 
1 and 2 in the illustration are changed? * 



a. Caster 

b. Camber 

c. Toe -out 




\ 
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APPENDIX,. • * 

PRACTICE TASK LIST 

Practice Objective After practicing th<i following tasks 

^ ° ' * . . you will be able to: 

1- Locate the components of a^ 
, \ • , wheeled vehicle steering system. 

. ' \ 2. Inspect the steering system of a 

\ * 1/4 -ton or a 2-1/2-ton truck for 

general appearance and complete - 

> ness. - " • - 

. ) v 

, m * 

Inspect the steering system of a . 
5 -ton truck for general appear- 
ance and completeness. 

Practice l^asks. 

1. Inspect the steering gear-assembly and ?tll of the steering linkage used , 
on several dif**»ent .types'. of vehicles. If available in your unit, check 
especially the steering system found on the 1/4-ton truck Ml 51, which has 
an independent suspension system^ and the 5-ton truck M141 or M54A2- 
series, which has* power steering unit.. Use the appropriate TM's and 
identify the following components' found on the two vehicles specified: 



a. Steering gear assembly. 

b. .Pitman arm shaft. 



9 



* Ci Drag Hnk. 

d. « Tie rod(s); * 

e. Idler or relay arm rod. 

f. Idler arm. - *" m - 

g. Steering knuckles, kingpins, of ball joints. 

h. Spindles. 

J t ♦ 

. i. Power steering pump, reservoir, /power cylinder, control valve, 
s and hydraulic lines. > 



■J 



Have an assistant turn the steering wheel back and forth while you c'hecki 
the steering gear and linkage for evidence of excessive looseness. Examine 
the following parts very closely: 

a. Steering gear-to-frame mounting bolts. \ 

b. . Steering column-to-instrument' panel clamp. ^ 
. c. Pitman arm shaft nut. 

> * 

d. Idler arm mounting bolts and bushing. 

e. Steering arm mounting bolts. 

• f. Lubricant level* in the iteering gear. 



Si 
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. LESSON ASSIGNMENT SHEET 



Ordnance Subcourse No 63B207-3 . . Wheele v d Vehicle Steering Systefns m m 

wesson 3 ........... h , . . Maintenance of Mechanical Steering 

Gear Assemblies 

•> 

Credit Hours ~, . 7 . ..Two . — — - 

Lesson Objective ; „ After studying tMs lesson you will 

be able to: 

1. Describe the common steering 

problems* of mechanical steering * 
systems. 

. * * i 2. State the procedures for inspect- 

ing the steering gear of a 1 /4- 
• ^ ° J . ton truck Ml 51. 

\ 3. Describe the procedures for 

adjusting the steering gear of a 
. 9 : 1/4-ton truck Mf5U 

- ' \ * " • 

4. * Describe the procedures for # 

replacing the steering gear of a 

1/4-ton truck M151. 



5. * Explain how a steering wheel is 
removed and rej 
ton&uck Ml 51. 

•- ■ •* ' . j ■ - r 



. X removed and replaced on a 1/4- 
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6. State the procedures for 

inspectinothe steering gear of 
a 2-1/2-ton truck. 



7. Describe the procedures for 
adjusting the steering, gear df 

.a 2-1/2-ton truck. * 

8. Describe the procedures for 
replacing the steering gear of 
a 2-l/£-ton truck**. s , 

Text Attached Memorandum 

Materials Required ^. . Answer sheet and response list 

— y - — . 

Suggestions Refer to the illustrations while 

a reading the text 

Modern wheeled vehicles are designed so that the operator use's very little 
effort to operate the. vehicle. * Because there has been great improvement in 
steering mechanisms, heavy .vehicles can now be braked and steered witfi 
ease. . * 

Without proper maintenance, l«rever, these steering Mechanisms can 
change from the easy operatin«controls they should be to useless, dangerous 
controls. The steering^system must be kept in proper condition for the 
sake of safety. j 4 * ^ ft 

Maintenance of mechanical steering gears is spread over various categories 
of maintenance. .Although all of* this maintenance is important, organiza- 
tional*maintenax#e is expected to fjnii the troubles first. If troubles arfc 
f£$ed at this level, it can prevent larger repairs at a later time. 

During a previous lesson you learned how mechanical steering gears were 
constructed. The .purpose of this lesson is to cover some .of the maintenance 
procedures for mechanical steering apars. 



ATTACHED MEMORANDUM 
SECTION I. TROUBLESHOOTING STEERING SYSTEMS * 

. 1. INTRODUCTION. The 'steering gear is one of the most useo* wheeled- 
vehicle controls.^ Should the steering operate improperly, the operator 
loses little time in reporting the problem. With a faulty steering gear, he 
knows that he is gambling with his life as well as with the* lives of his pas- 
sengers. ' 

t * * 

a. / As a wheeled vehicle mechanic, you are responsible for some of 
the maintenance on the steering system. This maintenance includes trouble 
shooting and minor repairs on-the steering gears of wheeled vehicles. 

b. Another maintenance function for which you are responsible is 
inspecting the overaU condition of steering gears. This is probably the 
most important maintenance function of all. Let's go over some of the 
maintenance that can be performed xin steering gears. We will start with 
some of the problems you will find wEen troubleshooting. 

2. COMMON STEERING PROBLEMS. The steering systemsf like other 
wheeled vehicle mechanical parts, can develop various problems. Some of 
►these problems are caused by "unwanted factors'" that affect the steering: 
Examples of these factors are wandering, shimmy, and hard steering. As 
a wheeled vehicle mechanic, you must know how to locate the causes of 
tfiese problems. We call this troubleshooting. 

% 

a. . "Bhese unwanted steering factors in wheeled vehicles are often 
referred to by such terms asindicated above - wandering and shimmy." Not 
all of the steering problems v are caused by the steering gear. However, you 
,will ne,ed to know these-terms either in this lesson or later lessons, in this 
subcourse. f 

b. Let's go over these steering terms and- at the same time learn their 
symptpms and-causes.. As you study the remainder of the lessons you will 
then know" what the terms mea^T. Once y6u have completed'this lesson you 
should understand>how to trdub^esWot the wheeled vehicle steering gears,. 
Let's star* with, hard steeriifgPSK 



' . (*> " Hard steeriag^Cbfeterm means just what it indicates - the 

steering wheel is hard-to«af$^*>«^ar t d steering can'cause the operator to . 
have trouble turning the wheel. / It can also cause the operator to have to ■ 
fight the wheel to ke*p the vehicle traveling straight down the road. It can 
be caused by lack of lubrication,*bent parts, and improper adjustments. 

'• ' . (2) ' Loose; steering. This term means? just what il indicates. It is 
caused by steering parts that are,worn f broken, or oat of adjustment. The 
driver must turn the wheel excessively to steer the vehicle. 



(3) Wandering. This means the ve&cle wande^over the road, 

A vehicle should, if properly <Loaded, travel straigm down a level road with 
little or no. guidance by the operator/ If the vehicle wanders, the operator 
must continuously turn (fight) the steering wheel to keep the vehicle travelings 
straight. x * 

' * \ 

(4) Shimmy . Shimmy means the front wheels mov.e "in and out 11 or ' 
vibrate at certain speeds. Shimmy is definitely noticeable in'the storing 
^heel. If the shimmy is bad enough* it can be very dang'erous because its / 
force can break some of the\ steering parts. Shimfriy can be caused by wheels 
and tires that are out of balance, bent wheels, as well as bther causes you *> 
will learn in later lessons. Shimmy will show up much wor£e if the steering 
•parts are worn* or out of adjustment; hbwever, this'is not'tne actual catfse 

of shitorimy. ' V . . ' v -« ;« 

p (5) Whe^elUramp . * The term fl ^heel t^amp", mearis the wheels are 

n Douncing~up and down;^ 1 This .also is noticeable in the steering wheels but 
as a vibration, whereas shimmy tries to # turn-the steering-wheel back and (J 
forth. c Wheel tramp, like shimm^; is also caused by wheels and; tires ^hat 
are out of balance. However| fehe out- of -balance portion is equal across 
the wheel or tire. This causes. tjhe wheel to move straight up an£ down 
rather than sideways as found in shimmy. * Wheel t^ampi/ like shTrrftny, will 
show up much worse oh a vehicle if some- of the. parts are 'loose, • ^orn, or * 
improperly adjusted. * y ? * • 1 * 

< * • 

x (6) Vehicle pulls to one side* ., This can have many causes; however, 
the mechanical stfcerilig gear catt hardly be blamed for this malfunction. The 
causes range frofti low tire pressure onjone side of the vehicle to^a bent ' , 
frame.. This *ma^fiinction will be covered in a later, lesson in this subcoutse. 

(7) Erratic steering. This means the steering copies not continue 
to act the same all the time. ^For example, the vehicle 'could pull to tlie right 
for a while and then start pulling to the left. m If the vehicle pulls tq oije side 
when the brakes are applied, the'veliicle is also considered to have erratic 
steering. Another major c^vtse of erratic stee/ing is, a load that moves . 
^tbout orjtoo much- load on ohe portion of the bqdy, especially the rear. 

. (8) Rough fleering. r This term means the steer* ing« wheel dcfes* not 
turri smoothly; ?f hiir&>uld be caused by damage^ corppojiejritk iti th^ steering 
gear. or steering linkage. Damaged steering g*ar components could* be a * 

k pitted' worm (helical cam, £-1 /2-ton), or roller 6r leverltfins. -Loosfe or i 
fitted knuckle support bearings could also cause $ie] prcfolem. A quick' way 
to isolate the trouble is to fit at disconnect'the'steeririg gear from the rest ^ 

*of the steering mebhanism. Then turn the steering wheel. If the roughness 
is still there, tfee trouble is in -the steering gear^ ^^ 



(9) Drive. This is another' steering malfunction. It means the *f 
vehicle, when turned in either direction, tries to turn mor'e rapidly than the ' 
operator intends. This can be caused by bent, loose, or broken parts." This 
is especially true if. the steering gear assembly is loose "on the frame.' 

t ■ ■ 1 - * - • * J 

•*% c Now that we have covered most of the common steering malfunction 
terms, we can see that some can be caused by others. For example, ' 
"wandering" and "drive" can both be caused by loose steering parts. "We 
should also notice that some of the malfunctions have the same symptoms. 
For example, "hard steering" and "wandering" have the same symptom - 
; the operator must continue to "fight" the steering wheel. ' The good trouble- 
shooter always makes a complete inspection of the components Before he • * 
removes or^replaces any parts. Usually, by using his knowledge of the 
construction and operation of the parts, looking at the symptoms, and making 
an inspection, he can easily locate the trouble. Let's see how' you* should 
inspect the steering gears. We will start with the 1/4-ton truck. * 



■ SECTION II. 1/4-TON TRUCK Ml 51 STEERING GEAR MAINTENANCE 



3. STEERING GEAR INSPECTION. Before we cover vthe inspection of the * 
steering gear, let's ste what type of steering gear is used in the 1/4-ton 
truck M151. This vehicle's steering gear assembly is the wor-m-and-roiler 
type. The roller has two teeth that mesh with the worm, so it is usually 
called a two- or double-tooth roller. The steering gear is' mounted on the 
body frame left side rail. The steering column is supported by a'bracket ' 
attached to theftnstrument panel. . - 

. • ■ : 
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Key ' 


•Item 


A 

1 


Idler ajrrti mounting bracket 


B 


Pitman arm to idler arm rod 


C 


Steering column 


1 

D 


Steering wheel 


E . 


Steering column to dash panel bracket 


. If 


Adjusting screw 


P 


Steering gear assembly 


H 

l 


- Steering pitman arm * 


J . 


. Spindle arm tie rod assy 


K 


'Spindle arm 
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Let's see just what components there" are in the steering assembly 
and how they fit together. 

Note. - Go to page 31 of this lefcson and fold ou/the illustration of the 

steering gear sb that you can refer to it during the l/4-4?on truck 
part of the lesson. 

(1) The steering gear worm-gear Ah pressed on th$ steering sliaft 
(items X and H in the illustration). Two tadered roller bearings (iteVis W 
and Y) support and prevent endwise, movement (thrust) of the worm and shaft. 

(2) A 'steel trunnion pin attaches the double roller to the sector 
shaft (item B3). The sector shaft is mounted in bushing type bearings pressed 
into the steering gear housing (item, L). Four capscrews attach the sector 
shdft cover (item A) fcothe steering gear housing. An adjustment screw ' 
engaged in the sector shaft is threaded into the cov*r and controls sector shaft 
end play as well as the lash (movement) between the teeth of the worm and the . 
roller. Adjustment of the worm thrust bearing (items W and Y) is made M by 
installing or removing gaskets (item V) of various thicknesses between the 
gear housing and the housing cap (item'S). 

(3) A ball type bearing pressed into the steering column tube sup- 
ports the shaft at the steering wheel end (item DD). 

% « ; (4) The pitman arm (item Q) and the steering wheel (item E) have 
flufed^errations (splines), with onte serration being double width. The 
doubl|£width splines match blind splines on the sector, shaft and the steering 
shaft \o insure -correct installation. 

b. l ^^2h£t^e have an idea of what thef' steering gear and the parts in 
it look like, let's see how to, go about inspecting it. 

• ' . ; *v. 

1 (1) Examine the storing column arifid steering whejil to see if they' 
are bent, cracked, or damaged in any w£y. * ' 

(2) Look for leaking seals and gaskets. There are threesoil seals 
in this steering gear. They are items K, M, and T in the foldoutl There 
are also'two gaskets that ca^ leak. They are items V and AA in the foldout. 
Eveji if the seals and gaskets are not leaking, *the lube level in the steering 
geafr housing should <be checked. * 

\ ' ( 3 ) Check the mounting brackets and bolts for secure mounting. 
To do this, you have to do more than look; use a wrench to see if the bolts 
are tight. 



• * \ 

(4) Check for too much free play (slack) in the steering' system, ^ 
You should remember from the previous lesson, that steering gekrs £re- • 
designed to have very little free play when the wheels are straight ahead. 
This means that when the steering Wheel is in the center of its travel, there 
should be no noticeable free play. This center point is called the higb point 
or midposition. When the steering gear is, not on the high point, some'free 
play is normal. • , g 

(5) Next, "road test the vehicte and check for binding,' wander , or 
•shimmy while the vehicle is moving forward. 

c. If any of the above malfunctions show up, they may be caused by 
the steering gear or by some of the linkage^ Let's suppose the trouble ia 
binding. It .will now be necessary to takfc the load off of the steering gear 
by disconnecting the steering linkage from the steering, If the Binding is ' 
still present whfcn the steering wheel is turned kfter the linkage is discon- 
nected, the trouble is in the steering gear. This is as far as an organiza-' 
tional mechanic can go, because adjusting or replacing the steering* gear on 
this vehicle is a job^for field ,maintenance. 

4. STEERING WHEEL REPLACEMENT, The 1/4-ton truck 'M151 steering 
wheel can be removed and replaced by organizational maintenance personnel. 
Let's see how it is done. 




• b. ©nee this is done, pull 
the terminal out of the rubber 
cap of the Connector. You, can 
use pliers to grip the terminal 
to pull it out. 

; s . 



- a. The first step, for safety 
purposes and to preyent accidental 
horn blowing/ is to disconnect4Tie 
negative (froi^id) battery cable ^ 
(left battery). ^ Then separate the 
horn cable, electrical connector 
below* tfa^generator regulator. 
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d. Now you. can slide 
rubber cap off the cable. 



93 



c. 



Once you have pulled 



the terminal out far enough to 
see the "C" washer type retainer, 
pull the retainer off of the cable. 




CRD £548* 




e* Next, you should remove 
the horngwltch (horn button). It 
is held in place with a snapring. 
Hold one hand over the snapring 
to prevent it from hitting you in 
the £ace and pry it out with a 
suitable tool. Then, remove the 
horn ^witch and wire from the 
steering by lifting the- assembly 
up §Ln<d pulling the wire out of 
th6 shaft.. 
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f. Now you can see the 
nut that holds the steering 
wheel on the shaft, ^Loosen 
the nut until it is flush with 
the end of the shaft. This 
will help prevent "burring 
of the shaft by the puller. 





gfjN*. Install the puller with 
tKe~adapter between the puller 
screw and the steering shaft 
and nut. If no adapter is availa- 
ble, use a thick washer between 
the screw ai^d the nut and shaft. 
This will protect the shaft from 
the puller screw. 



* m 



~ h. Then turn, the puller screw clockwise until the steering wheel 
M jumps up M agaiiist the nut, .Remove the poller and then,remove the nut. 
,You should now be able to pull the steering wheel off by hand, , 



1. 



OQCe the steering wheel is Removed, inspect the condition of the 
splines on the steering shaft. Check the" condition of fcjie threads on the 
end of the shaft and in the nut. If the threads are' stripped or the splines - 
are burred, nicked, or "damaged ih any way, notify support maintenance. 
If the shaft and nut are serviceable, you afe ready to install the new steer- 
ing wheel. The steering wheel is installed in the reverse order of removal. 
Let's briefly go over the steps. # ^ * 5 
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line the steering wheel so tliat the double width splines line up. *%f) 
e necessary to move thje whe<U a little either way to aline the splines. 

k. I Slide the steering wherel on the steering shaft and install the retain- 
ing nut.' \ Tighten the nut to'25 to 35 ib-ft of torque. Then stake the nut to the 
shaft, this can be done by placing'a center punch close to the threads of the 
nut and then striking the center punch with a hammer. Tins pushes a small 
amount of both threads ihvystfa and trends to lock the two threads together.. 

J.* Next, guid^the horn cable, (wire) into -the steering shaft and install 
the horn button and snapring. t 

m. Slide the rubber dap onto the horn cable and replace the "C" washer 
type retainer. If the rubbfer cap is hard to slide onto the cable, lubricate 
the^c^ble with some liquia hand soap or, very soapy water. Once the ''C M 
washer type retainer is in place, slide the rubber cap over it until the rubber 
cap bottoms on the retainer. 

n. Next, connect the horn cable where you disconnectW it at the genera- 
tor regulator. >Then connept the battery cable and -tighten it securely. This 
completes the replacement of the steering wheel. 

5. STEERING GEAR ADJUSTMENT- It has already been mentioned in this 
lesston that it is not the job of the mecharfic at organizational level to Remove 
and replk^e the steering gear of>arM151. Neithej ,i§ the steering gear ad- 
justment made at this main£eir£nce level. But if you are not now, you may /• 
spmetimes be working^tta maintenance level higher than organizational For 
this reason we are^going toxover the removal, replacement,, and adjustment 
of steering g^ars on the Ml 51 . . ' 

a. When adjusting the steering gear of a 1/4-ton truck M151, you should 
first make sure it is not mounted in a bind on the truck. This is' done in the 
following manner: : ' 



\ 

(1) Remove the nut 
"and lockwasher securing the 
pitman arm to the sector shaft. 

I 
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<(2) Using a puller, rerpove the pitman arm from the sector shaft. 
Care must be takfen when using a puller of this type. First, make sure the 
puller hooks are clamped securely 
against the. pitman arm. This is 
done by tightening the s^tscrew on 
the side.-*Next, make sure the 
main puller screw does not "mush- 
room M or spread the end of the 
sector shaft. Position the end 
of the screw in the recess (hole) 
in the end of the pitman shaft. 




(3). Once the pitman arm is removed, loosen the bolts Securing 
the 1 steering gear to the frame side rail. Loosen the bolts attaching the 
Steering column to the instrument panel. ( >< 

z (4) Now that the steering gear is loose, retighten the bolts injh 
following manner: Torque the bolts attaching the steering colurnn^Tthe 
instrument panel to 12 - 15 lb-ft. Torque the tolts securinlfVhe steering 
gear to the side rail to 25 -_J1Q_ lb-ft. The steering-gear should now be 
piounted with no bind. 



b. ^ The steering worm bearing adjustment should be -checked in the 
following manner: 



(1) Back the roller 
away from the worm by loosen- 
ing the lash adjusting screw • 
1/2 turn. Turn the steering * 
wheel two complete turns from 
the center of its travel in either 
direction. 
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(2) Hook a spring scale to the steering wheel at the point where 
one of the spokes joins the rim. Turn the Wheel at least one turn in the 
opposite direction by .pulling on the 9cale. Note 'the amount of pull needed 
to keep the wheel moving. The scale reading should be between 5, 0 and 
15.4 ounces. A reading that/fs^oo high indicates the worm thrust* bearings 
are too tight and a gasket or gaskets should be added. A reading thaf i$ too 
low indicates that the bearings are too loose and gaskets must be- removed. 
These gaskets are installed between the steering gear housing and the steer- 
ing gear cap (item V of the foldout in the back of the lesson). The gaskets 
come in varying thicknesses. * 



% - 



(3) Remove or add ohe gasket at a time. Check the worm bearing 
adjustment after each change in the gasket pack. The steering gear housing, 
cap must be installed on the jsieef ing gear housirig each time tfre bearing 
adjustment ^chec^d^The housing cap bolts must be torqued to 10 - 15 
Ib-ft. ^^^^^^ . % 




c. The ^orm-and-r oiler mesh (lash) adjustment is controlled by the 
lash adjustment screw mounted in the sector shaft cover. To^make this 
adjustment, tiirn the steering wheel from lock to lock (extreme right to 
extreme left). Count the number of^turns. Turn the steering wheel back 
halfway. This is the steering gear high spoK^or midposition.- Turn the 
adjusting screw^in until there is a drag on the steering wheel? Tighten the 
jam nut finger tight. Hook the spring scale to the steering wheel as described 
above. Turn the wheel through the high spot with the scale. *The scale read- 
ing should be between 1. 6 and 2.2 pounds. \i the reading is too high, turn the 
adjusting screw counterclockwise and check the tension again. If the^ reading 
is too low, turn the adjusting screw clockwise and again check the tension. 
When the correct tension is obta^inecb-iock the jam nut by holding the* adjust- 
ing screw; in plac^^^h=*2T^crewdriver *and tightening the nut with a wrench. 




STEERING GEAR* # REFLACEMENT. Now-tha^we know how to adjust the 
1/4-ton steering gear, let's go over the procedures that are used to replace 
the steering gear. 



a. To remove the steering gear on s/l^ 
following procedures as a guide: 



^ton truck Ml 51, use the 



[X) Fii L Str~3isconjaect the negatij/e-batfery cable.. Then jack the 
frpnt^f'tBe vehicle up and s.upport_it^with blocks ox a jackstand.^ Remove 
the left front wheel and^tjxer Then remote the pitman arm from the pitman 
arm shaft. Nextr^r^move the horn wire and the steering wheel. J 



> 



/ 
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' LOCKWASHER* 
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■ (3) Loosen the steering 
gear column clamping bolt on the . 
instrument panel bracket. Remove 
the bolts securing the column 
bracket to thq instrument panel. 
Remove thfe bracket. » 



\ 




C2) Remove the bolts, 
nuts, and lockwashers securing 
the steering gear to the'-frame 
side rail. Remove the rubber 
grommet-froryi the tde panei and 
slide it down the column. 




(4) Next, remove^the 
two wiring harness clips under 
the edge of the instrument panel. 
Then remove the sdrew from the 
center of the ignition switch lever 
and remove the switch lever. 



V 
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(5) Remove the^nut 
id washer securing the igni- 
*n switch ^nd switch name- 
plate to the* dash panel. Push 
the ignition switch out of- the 
dash panel hole and lower it 
belo\fr the dash panel.. 





(6). Once this is done, 
disconnect the froht wiring har- 
ness at the light switch and the 
stoplight switch. j 



(7) Hold thej^eitxmn 
against the topj^the slot in the 
instrumegLt-panel. Then work, 
the wiring harness out v p£-tKe 
lower flange, of the instrument 
panel. , 
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(8) Make sur« that the 
'vehicle is supported on the jack- 
stands in a manned that allows 
the front" suspension system to 
swing down to the lowest point. 
Pull the steering column through 
the hole in the dash panel and' at 
the same time pass the steering 
gear over the front -suspension 
upper arm,. > 




Uf>p£R 
> SUSPENSION 
' ARM 



b. To install the new steering g'ear.on \J /4-ton truck M151, use the 
following procedures as a guide: ' ( 1 



* • (1) Push t)ie steering column otfer tK^ front^suspension upper arm 
through the hole in the dash panel. ' 8 * i 



A 



(2)^ Hold the steering column against the top of the slot in the 
nstrument panel. Work the wiring harness back intojthe lower flange of 
the instrument panel and connect the harness £o the light switch and stop.- 
light -switch. Reinstall the ignition switch and replace the two harness clips 
under the edge of the. instrument pangl. 




(.3)% Next, .r_eplace*tl\e J column bracket and the bolts securing the 
column bracket to" the instrument panel. Tighten the steering gear column 
clamping bolt on the instrument^anel bracket. Replace the rubber grotamet 
in the toe panel. R3plac§ the lockwashers, nuts, and Holts securing the 
steering gear to the frame side rail. , > 

(4) Then replace the steering wheel and horn wire/ Replace the 
steering pitman arm. Check the position pf the steering \vhe^^W1XK^ti^ 
front wheels in the straight-ahead position, one^pak^ 

be pointing straight downward. Hjiot^he^st^Hng linkage must be adjus(|£<L 
Linkage adjustment isj^over^^ lesson. - v 

^(S) Next, replace the ieft fr^pnt^wheel an^'tire. Remove the blocks 
"jackstahd and lower the vehicle to the ground. Reconnect the negative 
battery cable. ' - 
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(6) Fill the steering gear With the proper gear oil (GO), ,d)ependin 
on the climatic temperature* Use GO $0 for temperatures that stay above 
32° F and GO 75 for temperatures that range between*-10° and +50° F. 

SECTION 51. 2-1 /2-TON TRUCK STEERING GEAR tylAIN TE NANC E 

7. STEERING GEAR INSPECTION. Now let's take a look at the .steering 
gear used on the 2-1 /2-ton truck. M35A1 or M35A2. 'This steering gear is 
the cam-and-lever type. The gear housing, lik£ the 1/4-ton steering housing 
is bolted to the left side frame rail of the truck. Tli'e steering gear shaft is • 
enclbsed in this tube of jacket which is joined to the gear housing by a flanged 
cover. The jacket a\id housing kxe watertight. To inspect this steering gear, 
use the following procedures asx^guide* 

a. First, examine the steering column and steering wheel for bends, 
cracks, or other signs of damage, and check for secure mounting. 

b. Next, look for leaking seals or gaskets. Check the lube level in the 
steering gear housing. Turn the steering wheel from one extreme to the 
other and check for excessive slacks binding, rough spots, or noise. v 

c. Then road test the vehicle. Check for excessive steering free play, 
binding, .wander, shimmy, and for a tendency to pull to one *side. 

8. STEERING GEAR ADJUSTMENT. The repairman at the organizational 
maintenance level is allowed to do more to the steering gear on a 2-1/2-ton 
t^ek"ivl35Al or M35A2 than he can on the 1/4-ton M151. Let's take a look 
at somfc of the things he can do. 

a. Two 3teering gear adjustments can be/made on the 2-1/2-ton truck 
M35A1 or M35A2. One is the cam bearing end play adjustment and the other 
is the j steering gear backlash adjustment. Let's- start^yitli the cam bearing 
end play adjustment aid see how it's done. * 



(1) o First, remove the cotter pin from th^ pitman arm end of the 
dr&g link* thenloosen the adjusting plug as much as possible without 
removirig-it. Turfc^tlie steering wheel .in both directions to loosen the ball 
seats. RemoVe the adjusting plug from the pitman arm end of the drag 
»'link. Pull the link -from thefJttjnan arm. Be careful not to lose any parts 
< from the inside of tlie link. Tip the>4ink end down. and remove the safety 
plug, ball pekt spring, and ball seats/^£he purpose of disconnecting the 
drag linlc'is to take the load off of the steering gear so it can be adjusted. 



-COTTtRHN 
SPRING 




STEERING ARM 
£NDO? OR*G LINK 
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(2)~ Next, loosen the steering mounting bolts and tfte jacket bracket* 
the instrument panel, and then ydttghten the housing mounting* bo Its, 
Ib-ft torque. This assures there is, no bind on the steering shaft^ 
and bearings. 



clamp o 
'to 60-6 
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(3) Next, back the pitu^an 
arm shaft lever istuds away frorfi 
the cam (worm) so it wotf't^ca^se 
*a drag when you are checking the 
cam bearing adjustment, • This 
can easily be done by first unlock- , 
ing the locknut and then filming % 
the adjusting screw to the left 
for at least ^one Complete turn. 



•b. How do we khow when the cam bearings are adjusted right? The 
cam bearings are in proper adjustment when there is no free play in the bear- 
ings. If the worm* shaft can be moved either in and out of the hpusing # or side- 
ways in the housing, the bearingVare too loose or have too much free play. 
* however*, if there is no free play and there is some^drag (preload), the 
bearings are too tigjit. If 'the* bearings are too tight, shims- must be added to 
decr.ease the preload. If the bearings are too loose, some of the upper hous- 
ing shims. tnu£t be removed,, W > - 



^c. Let's say the bearings are tod loose. To remove the shims, discon- 
nect the horn cable near the iower'end of th^steering? gear , Remove the 
screws holding the steering gear housing upper cpver to the gear housing. 
With the jacket bracket clamp on 
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the instrument panel loosened, pull 
the upper cover and steering gear 
jacket from the gear housing. THis 
exposes the adjusting shims. Do 
not, however, pull the jacket up v 
any farther than necessary to 
avoid damage to the horn wire. 
The shims are all eithdr 0. 002 
inch, 0.003 inch, or 0.001 inch 
thick. Clip and remove a thin 
shfm. Assemble the jacket and 

housing and recheck. You may take^out too many shims and get the bearings 
too tight. If so, replace fcnethin shim at a time until you get the proper 
adjustment. You may also have to change the thickness of one shim to get 
the proper ^adjustment. Doji't forget to reconnect the horn cabl^. ni 

%- I 

d. To make the steering gear backlash .adjustment, first, tighten the 
jacket bracket clamp on the instrument panel and then turn the steering wheel 
counterclockwise as far as {possible. Next, turn the wheel clockwise »as far . 
as possible, and count the number of turns. Finally, turn thewwtjgel back 1/2 



the total number of turns: The steering gear assembly is sow-iSi the high pqint 
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or midposition. Next, tarn the backlash adjusting screw until a slight drag is 
felt when the steering wheel is turned back and forth through the midposition 
(high point). Adjustment of this screw is critical. Tightening the screw too 
muph will cause the steering to bind. Not enough tightening will cause the 
steering to be too loose. After the adjustment, tighten the loc^uiut and recheck 
the drag. This completes the backlash adjustment between the helical cim 
and the lever studs. » - 

e. With both adjustments completed, we arejjjfeady to install the drag x 
link. To install the drag,lirik, place one ball seat in the pitman arm end of 
the drag link with the cupped surface facing the pitman arm ball opening. 
Install the drag link over the pitman arm ball. Install the second ball seat 
in the^link with the cupped surface toward the ball. Then install the ball seat 
spring* safety plug, 6 and adjusting plug in the drag link. / Next, scyrew the ^/ 
adjusting plug in tightwad then back the screw out 1/2 turn, or Jess, until the" 
adjusting plug slot lines up with the cotte* key holes in the drag link. Install 
a new cotter key and you have finished adjusting the steering gear. 

9. STEERING WHEEL REPLACEMENT. Basically, the 2-1/2-ton truck 
steering wheel is removed in the same general manner as the 1/4-ton truck.' 
However, there are some differences, so let's see^how it ! s done. 

a. The' M35-series 2-1/2-ton truck steering wheel has one important 
difference from the.l/4-toja truck steering wheel: it can be mounted on the 
steering shaft in jpore thah one position.. This is possible because it does 
not have any doifcSle-width splines. All tVe splines in the steering wheel and 
the steering shaft a^*t&e satne size. This feature permits the steering wheel 
to be positioned so th&tf one spoke is pointing down or toward the seat where 
the wheels are poised stj^fcight ahead* Let's see how this steering wheel is 
removed. 1 * " 

' 4g£? (1) If the. steering wheel is not positioned properly, note the Amount 
that it i£ oft when you drive the truck ^on a -straight road. Then turn the steer- 
ing wheel to this game position before you remove it. 

(2) Ne#t, disconnect the negative ground battery cable (rear battery). 
Lfeave the ground cable off during the steering wheel removal procedures. 

is 




(3) Then remove the / 
horn switch (button) by first 
pushing in with the palm of the 
hand. Then turn it counterclock- 
wise (to the left) 1/3 turn and lift 
the button from the steering wheel. 
Next, remove the ttyree screws 
from the horn button base and 
remove the base. The electrical „ * 
cable can be left in the tubular 
shaft on most 2-1/2-ton trucks. 
On some vehicles the cable and 
base are made, up as one unit and 
th& cable must be removed with 
the base. 




3-21 



.113 



(5) The steering wheel 
must be removed with a puller. 
The pulfer you should use has 
two adapters. One adapter is ' 
used under the steering wheel 
spokes* The other adapter 

.goes between the puller screw 
and the steeTing gear shaft. 
BefQre you pull the steering 
wheel, make sure that you have 
the front wheels turned straight* 
ahead. , 

(6) Next, turn the puller screw clockwise and remove~the steering 
wheel. Remove the puller from the wheel and you have completed the removal 
procedures. 

b. ' Before installing the replacement wheel, inspect the spline and thread 
condition. If either is damaged beyond use, you must replace the steering gear 
assembly. 

) ■ ■ ■ . 

j/ c. Install the replacement steering wheel with one sp9ke pointing down. 
Make sure \ yprfx have the splines alinedoand the steering-wheel pushed on as 
far. as possible. Then install th£ nut and tighten it securely. Turn the steer- 
ing wheel to each end of it? travel- to make sure the're is no binding. If the 
'new wheel binds, you may haye^o loQsen the steering shaft tube (jacket) at its 
mounting points and slige it down slightly. This will ihcrease the clearance 
between the t\xbe and the steering wheel. Once the steering wheel is free 
bindings install the horn parts arid connect the battery cable and you are 
finished. * . 

10. STEERING GEAR REPLACEMENT. Now that we know ho^r to adjust the 
steering gear and know ho^to ifemove c the steering wheel, let f s try a bigger 
job. Let's remove and replace the steering gear. ^To remove and replace 
.. the steering gear on a 2*1/2 -ton truck M34, M35, M35A1, M35A2, or M47, 
use the following procedures as a guide. " (The engine must be removed from m 
vehicles equipped with multifuel ehgines before replacing the steering gear. ) 
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a. First, disconnect Ijhe 
drag link at the pitman arm end. 
Then remove the nut and washe£ 
holding the pitman arm in posi- 
tion. Pull the pitman arm^from 
'the shaft with- a puller . Then \ 
remove the steering wheel as 
outlined in paragraph 9 above. 



/a 



b J . Next, remove the lockwasher and screw to loosen the steering 
gear jacket bracket clamp on the jacket bracket 'at the instrument panel. ' 
Then remove the rubber bushing frofn the bracket and jacket. Re move th^^ 
four self-tapping screws that hold the gasket pad to the dash panel and 
remove the pad. Disconnect the horn wire (<?able). 

c. Re move the four bolts that hold the steering gear to the frame. 
Pull the steering ^ear away from the frame. Slide the gear down so that 
the steering gear jacket will clear the dash panel, and remove the steering 
gear from the vehicle. ' * f 

m 

d. Slide the n£w steering gear into position with the steering g^ar jacket 
extending through the opening On the dash panel. Insert the pitman^m shaft 
through the hole in the frame side member. Secure the steering ge : ar to the 
side member with the fotir self-locking hex-head bbl^s, but do not tighten the 
bolts at this time. 



/ * e. Install the jacket pad and rubber bushing on the jacket. Position the 
bushing in the jacket bracket on the instrument panel. Secure the bracket' 
clamp over the bushing with the hex-bead screw and lockwasher. Secure 
the bracket to the dash panel with four cross-recess panhead tapping screws. 
Torque the steering-gear housing-to-frame mounting bolt* to 60 - 65 lb -ft. 

* f/ Turn the steering gear to the midposition (high point), an4 ( make ' 
sure that the wheels are straight alfead. Install the pitman arm on the pit- 
man arm shaft, with the ball stud end^pointin^downWard, and secur^it with 
the nut and lockwasher. Then abject: the drag link to the pitman arm ball. 
Adjust the drag link end and install a cotter pin/ locking it in places Finally, 
install the steering wheel and horn button. Make sure that one spoke of the 
wheel points straight down when the wheels are straight ahead. 
t 

g. Fill the steering gear with lubrication* and make an operational check 
of the installed steering, gear before the vehicle is turned. over to the operator. 
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SEC TION IY. CONCLUSION 



11. SU[MMARY. W* have learned,that steering systems of wheeled vehicles 
are affected by -some unwanted problems. There are certain terms we use 
to identify some of the factors that affect the steering of the vehicle. Exam- 
ples of these terms- are "shimmy" and "wandering. 11 On the 1/4-ton truck we 
learned that,; as a wheeled vehicle mechanic, you are authorized to inspect 
the steering gear an£ replace the steering wheel. Although the/wheeled 
♦vehicle mechanic is not responsible for adjustments ori the 1/4-ton truck 
steering gear, it was .covered in this lesson fox; personnel who may assume 
the, responsibility later in their career. We also learned how to make the 
cam ^nd play and $he backlash adjustments and how-to replace the steering 
gfear on the 2^ 1/2 -ton truck. Without doubt, the inspection procedures we ' 
have. learned on steering-gears are important rrfSaintenance functions. A 
good inspection can save lives. 

12. P{tACTICE TASfctS. The appendix of this lesson contains a list of tasks 
associated with the maintenance of mechanical steering gears. They are 
representative of the tasks yoji will be required to pernor m as^a wheeled 
vehicle mechanic. Perform all of the tasks, listed. *fie sure you are under 
the supervision of an officer, NCO, or specialist who is qualified in the 
MOS when you practice the tasks . If you find you are having difficulty in 
certain t,asks, restudy the appropriate training material and practice the 
tasks until you become proficient, in each one. 



' 1 
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EXERCISE _ - 

_46, An operator of a. 1/4-ton truck explains that )iis front wheels seem to 
v shake sideways as he drives down the road. He also explains that when 
this happens, the steering wheel moves from side to'side at>d tries "to ' 
pull out of his hands. Which unwanted steering factor best describes 
this problem? 



.a. Wheel tramp" ^ . 

b. » Shimmy * j ' 4 . ^ « N 

c. ^ Erratic steering % 

47. When road testing a 2-1/2-ton trudk M35A2, you find that the truck 
tries to ; turn tod short when you malie a £urn. A close inspection in the 
shop shows that the steering gear mbujiting bolts are Very loose. -What 
steering factor should be used to bedt describe the steering problem in 
the turn? ^ 1 

a. Drive 
hf* Wandering 

c. Hard steer.ing ^ 

48. What steering gear component(s) on the 1/4-ton truck IA\S\ can be|us< 
to change the lash clearance between the teeth of the^orm and roll' ~* 

a. .Screw v • 

b. Shims 

c. Nut • - . 

49. Why is*ohe double-width serration cut on the sector shaft of a i/4-tdlt 
• truck Ml 51? 4 - * 

- * • 

„. av Increase the strength of the shaft * ' 

b^ Insure'correct installation of the pitman arm % 
c. s Insure correct shaft end play adjustment 



50. 



The steering g^ar on the 1/4-ton truck is called a worm arid double^ 
roller because 




a. there are two teeth on the sector. 

b. there are two sets o£J&&*TKgsl 

c. twcTtapered stSds are used.' 

What is the maximum number of oil aeajj_t|jat-^hould be inspected for 
leaks on the steering gear ol_a^4r/4^forftruck Mlfl? 




a 

*b. 
c. 



52. ' The horn button or switch on the steer ingawfreel of £h§ .l-/4~ton truck 
• Ml 51 i& held' in 'place by" • 



a. a setscr£w. 
b« three lugs* 
c. - a snapnng. 



0 



You are installing a rej^ac£i»eii±~3fee7ing wKe ( el,on a 1/4-ton truck Ml 51. 
You have jus : fe-tigftfened the retaining , nut to the right torque valve. ^What 
additional action should be taken to assure tha/t'the nut will not accidentally 
loosen? r - . ^ 



a. Rivet ttie^sha^tover the nut 
b« Stake the nut to Ttfife^haft^ 
c. Install a second retaining nu£ 



r 

54. As an organizational wheeled vehicle mechanic^ what actipn should you 
take when you find a steering gear oti a 1/4 -ton truck 1^151 with too 
much free play? ; z 

a. Adjust the worm, and roller lash < N * 

, b. Replace the steering gear assembly * ' * 

- — ~""^c7* Notify ^support maintenance personnel \ . 

56. What is the main purpose of loosening and then^retightening, the steering 
gear mounting bolts befpre a worm bearing adjtfstnftent is made on, the 
Ml 51 steering gear? - ' « ' " 

a. Allow the steering shaft to center itself on the upper end of the / 
steering jacket , * . . . 

b. Make sure the steering gear is not mounted in a- bind < " 

c. Assure that the mounting bolts are torqued to the! right .amoiint 
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The^AeT^g^gTdLT worm tearing adjustment on a 1/4 -ton truck Ml 51 is^ . 
-^rrect whten the spring scale rea'ding is between 



a. 1.0- and 4. 5^ ounces. 

b. 5.0 and 15.4 ounces. 

c. 16. 0 and*22. 0 ounces%* 



In order'to remove the steering gear from the 1/4-ton truck M151, it 
is necessary to disconnect the front wiring from the 

a. • instruments and gages. 

b. instrument panel lights, 
c* stoplight switch. 



What type of stepping gear is used on the 2 -1/2 -ton truck M35A2? 



a. Worm and sector 

b. Worm and roller 




J3£ha£-~rfiust be disconnected before adjusting the steering-gear *bn a 
2-1 /2*ton truck M35A2? , * 

a. ' Horn wire N 

b. Tie .rod m 

c. Drag link * 

In order to make a steering gear cam end play adjustment on the cam 
and lever type gea* of the 2-1/2- ton tpick, it is necessary <4o 

a. disconnect^ the upper cover. * \ 

<b. tigTiten the adjusting screw* . ' * 

c. remove the lower end plate. : A 

What^ should, be done if the steering gear,, cam bearings are too loose on 
a 2 - 1 12 -ton truck M3 5A2 ? 

a. Remove shams ' ** - ' 

b. Add shims ' " - . 

c. Replace the bearings . _ • ' 

- • -r"'"''' " ' ' ■ 
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A mechanic is adjusting the worm and roller backlash on a 2-l/2^ton 
truck M35A1. He has turned the stfeering wheel to the extreme right of 
its travel. He i£ adjusting the backlash so that there is. a slight drag 
on the steering wheel in this position. Which condition^will be the^ 
result of this adjustment? 

a. The steering wheel will bey very hard to turn at the extreme left of 
its travel, but otherwise will be all right - , v ■ 

b. The steering gear will be in proper adjustment throughout all tte% 
travel ' * K / " 

c. The steering wheel will be very hard to turn when the wheels are 
straight ahead - * / 

What item must be in the drag link whe^i if is installed on the pitman 
arm of the 2-1/2-ton true! " 



.a. Adjusting plug . 

b. Ball' seat < 

c. Safety plug 

Which statement is true wjien replacing the steering wbeel on a 2-1/2- 
,ton truck M35A2? ' • 

a. The puller aWsemblvJ^^ftached to the steering wheel with 
tfwd rap^crews-- , 

b. The horn button can be.removed from the steering wheel by 
first removing three screws ¥ ' t 

c. The steering wheel^can be installed in various positions due 
to equal sized splines 

At * Q 

With thS'fronl w^els of a 2-1/2-Jon truck M35A2 in the straight-ahead 

position^and the steering wheel in the midpbsition, the pitman arm* 

swould begins talle'd with the ball end pointing 

a. to the front. ' ' 

b. straight up. . < ^ 

c. straight down, • 
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APPENDIX //JT 
PRACTICE TASK LIST 



s 



Practice Objective .* .After pra&ticing'the following task 

\^ % you will be able to: 

- . ' ^ "**^ 

/ 1. Inspect the mechanical steering 

. * ge^r of a wheeled vehicle. ^ - 

2. Locate the adjustments on 
mechanical steering gears.- 

/ • A 

3. Troubleshoot" steeringVear * 
problems. , * 

' > m N - • 4. Perform an* operational check 

on steering gears. 

' ' ' > -\ ' 

practice Tasks. 

1. Inspecting, adjusting, arid -replacing components are the most important 
tasks' you will probably perform on the steering gears of wheeled vehicles. 
In order to do a thorough job on the tasks listed below, refer tp the proce- 
dures covered in -this lesson and to the, appropriate vehigle technical manuals 
and lubrication orders. ; * 

v a. Inspect the steering jear on some of the different types of wheeled 
vehicles in your organization. L6ok for oil leaks ^especially, around' the 
steering gear housing gaskets, covers, 'and*$eals/ Check all mounting bolts, 
nuts, yashets, and cdtter keys. Check for any looseness or binding while 
turning the steering wheel back and forth. Check the lube level in, the steer- 
ing gear housing. Check for proper .alinement of the steering gear shaft by 
loosening the clamp on the steering column at the instrument panel and see 
.if it shifts position. ' 

b.' Determine what type of adjustments' are used on the steering gears. 
Yo\\ may find some yefcricles with a lar.ge rotating adjusting device instead of a 
shims to adjust the *orm bearing clearance.. Notice how the adjustments are 
locked on the. different types of Vehicles. N ^ 

" c. Check out the steering gears to see if they are working properly. 
See How much play each steering s wheel has in the cente* of its travel/ See* 
if you can find the high point in each steering gear. If possible, help an 
experienced mechanic or repairman trouble'shoot a defective 'steering gear 
or one that is not working right. - 

V 



d^-^Thenever possible, drive vajiotis vehicles in your organization a 
see if the st&erjng systems worl^a^they should. Look for any factor that 
may cause bad stefe*|jig> s sjxehTas wander, shimmy,* side pull, oc looseness 

2. If you find^nysteering^ars thajt are no*t working properly, notify _ 
your supervisor of the problerilv^ 



1 



0 

/ 
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Legend: 



Key 



Item 



Part Number" 



Key 



Item 



Part Number 



A Housing cover assy 7087516 

B Lock nut 96906*35691- 

C, Screw 8705446 * 

D Nut 7063812 

E Steering wheel 83423Q1 

F .Bracket ' 8754465 

G Tube and bearing assy 7059386 

H Steering shaft 70.59385 

J Tube clamp assy 8705448 

K Seal 7703445 

L Steering gear housing 7087513 

M Seal 7703447 

N Lockwasher 8705452 

P Nut s ' 8705447 

Q Pitman arm / 8754490 

R Bearing cup / 706619 



S ' Housing cap 
822 T Seal 

U Screw 

V Gasket 

W Roller bearing 

X Worm gear 
Roller bearing 

Z Bearing cup 
AA * Housing cover gasket 
BB Sector shaft 
CC Seal \ 

DD Bearing (part of tube 

and bearing assy) 
EE Retainers 
FF Spring 



♦ Fojdout illustration No 1. Steering gear 



exploded 



7979489 

7703446 

8705446 

7342818 

705009 

7979480 

705009 

707077 

7087517 

7059384 

8754466 



7979485 
797947 
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LESSON ASSIGNMENT SHEET 
Ordnance Sujbcourse No 63B207 . . . Wheeled Vehicle Steering Systems- 
Lesson 4 . ..... . Maintenance of Power Steering Gears 

Credit Hours . . Two*o . / 

Lessqn Objective . ....... . After studying this lesson you will 

be able to: 

i 

1. Explain the use of the common 
types of hydraulic system 
diagrams. 

2. Interpret common symbols used 
in hydraulic system diagrams. 



3, 



4. 



5. 



Describe the general procedures 
for troubleshooting hydraulic 
systems • 

State the loca£ion*of the hydraulic 
steering system^components of 
the 5 -ton truck. f 

Describe the procedures for 
inspecting the power steering 
system of the 5 -ton truck. 

Describe the procedures for 
isolating faults in the power 
steering system of the 5-ton 
truck. 
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7. Describe the procedures for 
replacing a pitman arm and 
drag link. 



• % 8. Describe the procedures for 

replacing a power steering 
cylinder. 

Text . . . ; * Attached Memorandum 

Materials 'Required Answer sh^et and response list 

Suggestions . . . \ St ady all illustratic^ns, foldoutSi 

asd tables as well as the printed 
material. 



FOREWOR 



Power steering is an important aid to thewiver of a heavy wheeled vehicle. 
In addition to providing th^dfiver with an assist when he turns the steering 
wheel, the. hydraulically operated power piston acts as a shock absorbing 
cushion to reduce the effepts of road shocks. r 1 

As ybu know, when a front wheel hits a bump or lu>le in the road it tends 
to stop, or turn in another direction. The .wheel , s\movement is transmitted 
through the linkage and the steering gear to the steering wheel. This 
movement can be violent and can jerk the steering wtteel from the driver's 
hands. This action is called road shock. 

With power steering, however, road shock is practically eliminated. When 
the front wheel hits a bump it cannot turn the steering gear much because, 
in order to do so, it must move the power cylinder piston. The front wheel 
will* actually move the steering &orm or cam slightly, but when it does, it 
also moves the hydraulic control valve. ] High pressure oil then flows 
through the valve to the other sicie of the piston and this will tend to stop 
any further movement of the steering-gear. In this manner we get a shock 
absorbing action from the hydraulic piston which practically eliminates 
road shock. However, if the power assist stops working, the resistance 
of th^o^er piston will make it almost impossible for the driver to steer 
the vehicle. The system will' then have to be repaired immediately. 



ATTACHED MEMORANDUM ' 

SECTION I. ■ FUNDAMENTALS OF HYDRAULIC 
'SYSTEM MAINTENANCE 



1. INTRODUCTION. In order to figure out how a certain television set 
works and to find out what is wrong with* it when it doesn't work right,, the 
JV repairman must be able to read electrical diagrams. The diagrams 
showhim what each tube, resistor, etc, is supposed to do; how they are 
connected in the circuit; and the £aths that the electricity follows. To a 
person with no knowledge of electrical diagrams, they are just a bunch of 
funny-looking lines drawn on a piece of paper, having no meaning. The 
repairman must learn to read 'signs in diagrams just as he has to Team to 
read printed words. . * / * 

a. Hydraulic power steering systems, dump bodies, etc, on wheeled 
vehicles are shown by hydraulic circuit diagrams just as television -sets, 
radios, etc; are shown by -electrical circuit diagrams. A hydraulic circuit 
diagram Is^a complete drawing of a hydraulic circuit showing the reservoir, 
•pump,*valves, work cylinders or motors, and connecting lines. 

b. Accurate diagrams of hydraulic circuits are very useful to the 
ifrechanic. He can use them to find out what each part should be doing and 
where the oil 9fcould be going in each* operation. Without knowing this, it 
is unlikely tlla^the mechanic will be able to find out why a hydraulic system 
doesn't world as it should. 



2. KINDS OF HYDRAULIC DIAGRAMS. Basically, there are four kinds 
of diagrams. They are the block, cutaway, pictorial, and graphical 
diagrams. The kind of diagram used will depend onu^hat it is supposed tp 
show. The mechanic should become familiar with all four kinds so that * 
he can take advantage of all the information presented. 



/ * 
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a. 



The block diagram shows the parts us^d in/the system by blocks, with 
lines drawx^between the blocks to show the connection between parts. The 
blocks may be drawn in the jpner&l shapfe of the partsHhey s^ow, but it is not 
necessary. Each block is usually labeled so that you will know what part it 
represents. The mechanic can use this'kind of a diagram to find out what- parts 
the hydraulic system uses and how the lines -are connected. 



COMMANDO'S 
HANOU 



GUNNBTS 
HANDtE 



OVERRIDE 
CONTROL 
BOX 



TRAVERSING FEEDBACK 



TRAVERSING 
DIFFERENTIAL 



PULSING 
RELAY 
BOX 



SIGNAL 
MOTORS 



ELEVATING 
DIFFERENTIAL 



TRAVERSING 
HYDRAULIC 
PUMF 



HYDRAU- 
LIC 
MOTOR 



. TRAVERS- 
*f ING 

MEGHAN. 
v ISM 



| TANK 
TURRCT 



ELEVATING 
HYDRAULIC 
PUMP 



ELEVATING 
CYLINDER 




GUN 

ELEVATING FEEDBACK 



b. The cutaway diagram ha3. been used^. lot in other lessons in this 
subcourse. They are ideally suited for instruction since they show how the , 

parts arq made on the in- 
siders well as show the 
flow p^ths 'of fluid. By 
using colors, shades, or ' 
various patterns in the 
lines and passages, many 
different flow and pressure 
\ conditions can be shown. 
Cutaway- .digrams , how- 
ever,, cost a loi of money 
to, make and take a lot 
longer to prepare, so 
they are not used as much 
as we might like. 




ERLC 



c. Pictorial diagrams are 
made to show the actual arrange- 
ment and location of the parts* 
contained in a hydraulic system. 
The parts of the system are 
drawn to look close to their 
actual shape and related size. 
The pictorial diagram is -most 
useful to the wheeled vehicle 
mechanic when he is trying to 
locate the actual parts on the 
vehicle. L 



CONVENTIONAL 
STEERING LINKAGE 





d. . Graphical diagrams are the "short hand M method' o'f showing hydrau- 
lic systems and are usually preferred for "troubleshooting. -A graphical dia- 
gram is made up of simple 
symbols or figures to, 
show the 'pumps, vahfes, 
cylinders, lines, et£. It 
is not intended to show 
any detail about the con- 
. struction or physical 
location of the system 
parts. It is used to show 
/ functions, part connections, 

. * and flow paths. Of course, 
to xead the diagram one • 
\ . must know what each - 

* t symbol means. x 

3. SYMBOLS. * 




a. There are three systems of symbols. Probably the most commonly 
used are the new USASI (United States of American Standards Institute) 
symbols. You may see diagrams using the old ASA (American Standards 
Association) or JIC (Joint Industry Conference) symbols. There are many 
differences between the systems,, but if you know the new USASI systenVyou 
will be able to figure out the others. The paragraphs below describe the 
"JSASI symbols that are most commonly shown in diagrams of hydraulic 
systems in automotive vehicles. * 
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(1) A reservoir vented to the 
outside air is shown by a rectangle 
missing the top side. The long closed 
side of the symbol shows the bottom of 
the reservoir. The top of the symbol 
is open merely'to show that the reser- 
voir is vented and not that it has an 
open top. 



VENTED ' 
RESERVOIR 



V 




(a) If the reservoir 
is pressurized it will not have a> 
f vent, so then the reservoir symbol 
will be clpsed at the top. 



UNES 

FROM 

BELOW 

UQUID 

LEVEL 




LINE 
. ABOVE 
LIQUID . 
LEVEL < 



/ 



(b) Lines 
connected to the reser-_ 
voir are drawn from the 
top, regardless of where 
the actual' connections 
are, except when the 
pump depends on gravity 
for priming. Th^n £he 6 , 
suction line is drawn 
from the bottom of the 
symbol. If the tip of the 
line is below the. fluid * 
level, it is drawn to . 
touch the bottom of the symbol^ Vent lines and fluid return lines that are 
above the fluid level are draVn from the^ top of the symbol/without extending * 
inside it. \ ^ 

* f # 

(c) ^very reservoir has at least tyo hydraulic lines* connected * 
'to it and some have many more. m Often the parts that are connected {o the 

reservoir are spread but all over the diagram. If th€f lines from all the 
parts were drawn to one central reservoir symbol, the diagram would be 
harder to follow. Therefore, a reservoir symbol is usually drawn next to 
each part that is. connected to it, but keep in mind that the reservoir is only 
one component that is pictured more. than once. 
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(2) A hydraulic pipe, tube , 
or hose that carries the liquid is 
drawn its a single line. A working 
line, such as the suction and pres- 
sure, is drawn as a solid line. Pilot 
or control lines are broken into 
long dashes. Drain lines are broken 
into short dashes. A flexible line is 
drawn as an arc between two dots 
and will ahyays be a solid line regard- 
less of its purpose. 

/ 



WORKING UNE — 

PILOT UNE " ' * 

© 

DRAIN UN&* 
FLEXIBLE LINE 



: LINE 



7j 



SYSTEM 1 
LOOP 



* SYSTEM 2 

r ■* 

NOT TO LOOP 



N0NC0NNECTING LINES 



fa)* Klines are 
drawn as" straight as possible 
and are crossed only when 
absolutely necessary to make 
diagrams easier to reach. When 
lines do cross, you have to be 
able, to tell "if they are connected' 
or not. Twq systems are used 
to show^hat crossed lines are 
not connected. In one system a 
short loopis^put in one* of the , 
lines at the point of crossing. 
The second system is to simply 
let the lines cross. "Only one 
system is tlsed in any single 
diagram. v * 



(b) Two systems are' 
also used to show a connection be- 
tween crossed lines. One system 
is tp plkceji dot at the crossing. In 
the second" system the dot i^ omitted, 
but all connected lines are shown as 
tees. That is, one line is drawn to 
touch another one but does not pass 
straight across it. 



SYSTEM 1 
DOT 



SYSTEM 2 
NOT TO DOT 



i 



CONNECTING LINES 




FIXED DISPLACEMENT PUMP 



0) 



The basic symbol for 



pump is a circle with a black triangle 
pointed outward There are a large 
number of different designs of pumps, 
such ad the gear, .vane, and recipro- 
cating, but since they all have the 
same job, one symbol is all that is 
used. The black triangle points in the 
direction of flow. ~ The pressure Jine 
is drawn from the tip of the triangle. 
The suction line is drawn from the 
opposite side of the pump. 



(a) Two pump 
symbols drawn inside a rec- 
tangle; mean that a double 

^pumpis used. Double* pumps 
are mounted on thi same 

. shaft and turn together., 
Usually they are made in one 
housing with separate outlets. 





DOUBLE PUMP 



(b) If a pump's output 
is variable^^-it-will have an arrow r 
drawn through it at 45 degrees. Two 
black triangles in one circle mean 
that the pump's rotation is reversible. 



VARIABLE DISPLACEMENT PUMP 



4-8 

133 



* (4) Symbols for motors arc*/ circles with 
black-triangles, buttthe triangles point in tQ show / 
that the oil is forced into the motor. One triqjagle 
is used fdr a mdtor that will work in only one 
direction; two are u^ed for a reversible motor.. 
The tij>s of the triangles poin^/in the direction of 
flow as it enters the motor. 



REVERSIBLE MOTOR 



SINGLE-ACTING CYLINDER 



DOUBLE-ACTING CYLINDER 



r (5) A cylinder symbol is a 
s£m]fleTecfe 

barrel and a 'T-shaped figure that 
stands for the piston and rod. If the 
cylinder is single-acting, only one ' 
hydraulic line is drawn to the symbol. 
Also, the end of the symbol opposite^ 
the line is left open. A double-^cfing 
* cylinder symbol has both enjigclosed 
and two hydraulic lines.^fawn to it, 
one at each end. Xfe^reare no marks 
drawn in the cy^der to show the ^ 
direction onflow;. This is really no 
problem, though, as the rest pf the 
diagrapar^ymbols contain many arrows 
pointing ip the* direction of liquid flow. 



• ■ \ 

(6) The reasons for using valves 
vary a greatdeal, so different symbols 
must be used for different types of -valves 
to show their purpose in the hydraulic 
system. A manually operated shutoff 
valve with an on and off position is shown 
by drawing two triangles point to point. 
This symbol i^-for valves like the. cock 
and gate. 




MANUAL ON-OFF VALVE 
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(7) 'The symbol ioj a check valve /£J 
is a circle inside a V. This indicates a ball 
set against a ball seat, but does not neces-^ 
sarily mean that the valve is made this way. 
Don!t mistake the V for an arrow showing the 
direction^of flow. Free flow through the valve 
is put of the V toward the circle. 



CHECK V^LVE' 



(8)_ The basic symbol for the .relief 
valve is a square with an arrow inside to show 
the direction of flow. Usually this valve is 

held^close£_b_y_cL^spring* The-spring-i*~shown 

by drawing a zigzags line at one side of the 
square. £he inlet and outlet lines are then 
drawn out of line with the arrow to show that 
the valve is normally closed. To show that / 
the valve is opened by hydraulic pressure, a 
dashed pilot line is drawn from the inlet line - 
to the side of the square opposite the spring. 




RELIEF VALVE 



- * (9) A directional control valve > yrhbol is a rectangle that has a 
^sectipn for each position of the ^lv^^Connecting lines are only drawn to 
the section of the symbol that atyertfra the neutral position. Each section of 



the symbol has arrows to sj 
position. The arrow, 
arrangement inside, 
each section is^dfawn 
to display th^rundtions 
of the specific valve 
'that^fciie symbol repre- 

The accompany* 
Ing symbol shows the 
thr exposition spt 
control valve. Notice that 
the neutral section of the 
valve shows oil fl.ow.fr* 
the pump to the reservoir 
and left turn and right 
turn passages. 



flow paihs when the valve is shifted to that 



Reservoir 

\ 



* PUMP 




4 



/ \ / 



RIGHT TURN LEFT TURN 

r 

DIRECTIONAL VALVE (THREE NOTION) 



4-10 



135 



NowJfcfiJ's see jioyv you should go about. tracing oil flow 
control valye in the ieft turn position. It is obvious that we can- ' 
ictually shift or rearrange valve' symbols that jire already drawiP-on the ^ 
diagram. We can, however, fdxm a. mental -picture tff how the passages* 
will be connected if the valve was in another position besides neutral. 



-RESERVOIR 



PUMP 




RIGHT TURN LEFT TURN 



* 7 > (b) -This is v , 
done by imagining that you 
move the left turn section' 
of the control valve symbol 
so that it covers the neutral 
section. The passages- will 
then appear^tojbe_corniexrte 
jto^he-^lines and arrows in- * 
side* the left tufch symbol. 
Notice that this shows oil 4 ' 
from 'tfie pump being directed 
to one side of the power ' ^ 
pistons to assist in turning 
left. Oil from the opposite 
side of^he power piston is 
directed through the valve 
to the reservoir. Oil flow 
during the right turn is 
traced by mentally placing 
the right turn section of the 
''symbol ove* the neutral 
section. 



*(10) If you should see a square 
symbol containing a, dotted line between 
opposite, corners; it will stand for an 
oil filter. The connecting lines will be 
drawn from the. corners of the symbol 
so'thatthey are crossways, to the dotted 
line. 




FILTER OR STRAINER 
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V 




SPRING LOADED 



V 



GAS CHARGED 



(11) An accumulator appears \ 
on a diagram as an oval and usually \ 
Has figures added on the inside to 
show if it has a spring or a gas 
charge. 



b. Jn the above paragraphs we have described the major graphical 
symbols. We have not tried to cover every possible symbol or the ma>ny 

pamphlet. * 

« ' ."• * 

4. TROUBLESHOOTING. Hydraulic pumps, cylinders, motors, valves, 
etc^are^precisi'o'n units. Tljeir continued smooth operation depends on 
performing inspection's often and proper servicing of the Hydraulic system. 
r \ is very important that' they b^kept clean and the oil and filters changed 
at the times recommended in the proper technical. manuals. 

When improper Operation does, occur, the cause can generally be / 
traced to one of the f 



(1) Liquid used in 
(thickness) or type. 




allowing causes: * ' 
the systi 



tystem that is of the wrong viscosity 



(2) Not enough liquid in thV system. 

(3) Airin*the hydraulic units or lines; 

(4) Damaged or worn parts* 

"^m ^ (5) Oil leaks, either' internally or externally. 

■ (6) DirtV-watfr, sludge, rust,, metal cuttings, and other foreign 
matter in the system. - * 

"* ^Ij) /Units and control linkage improperly adjusted. 

* • . «. 

. « ' % * 

•*» , (8) Equipment being operated improperly. 

'9 * i * i « 
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b* Troubleshooters should ( use a procedural system that will lead them 
directly to the cause of troubles, removing as much guesswork as possible. 
One such system could be called STOP, which is described as follows: 

(1) S - Study the hydraulic 'Circuit diagrams. You will find that 
knowing what each part in the system is supposed to do is probably the most 
vital parfrof troubleshooting* 

(2) T - Test using all appropriate equipment and means that are 
available You must know exactly what conditions exist in the system and 
how it reacts before accurate decisions can be reached. 

(3) O - Organize the knowledge gained from* the circuit diagram 
study and hydraulic system tests; then determine the cause of the trouble. 

' (4) P - Perform repairs taking time to do the job well. 

t. The troubleshooting section in vehicle Tta r s contains~a list of 
troubles (malfunctions) of the vehicle's hydraulic systems, the probable 
causes of the troubles, and the corrective repairs that should be made* < 
You should always use this list to aid you in troubleshooting the vehicle. 
As a further aid to you, 'foldout No 2, in the back of this lesson, contains- 
a list of common hydraulic system problems, their possible causes, and 
corrective actions or remedies. 9 • t * . 

SECTION II. MAINTENANCE OF THE ROSS HF : 64 * 
POWER ST^ERJLNG SYSTEM 

5. DESCRIPTION. 

a. General* The steering system is comprised of a steering wheel, 
hydraulic WsiSSd steering gear, hydraulic oil reservoir, hydraulic pump, 
power steering cylinder, control valve, relief valve, lines and fittings, 
universal jdinted steering shaft, and steering linkage* 

' > L 

b. Steering wheel . The three -spoked, 18-inch, steering wheel is 
mounted on the upper end of the steering shaft and is secured by a hex*- nut. 
The horn button Is mounted in the center of the steering wheel* 

c. Steering gear assembly/ The steering gear unit is a fully integral 
"steering gear incorporating a hydraulic control valve, power cylinder, and 
mechanical means of steering control* Tnejpower of the cylinder is trans-' 
mitted to the steering gear output shaft by means of gear teeth on the piston ' 
mating with teeth on the shaft* The flow of oil from the. engine -driven pump 
mis directed to the power cylinder by means of the control valve; The valve 
is concentric With the input shaft and is located on the upper end of the 
steering gear* 
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Power steering pump and oil reservoir . The power steering pump 
and oil reservoir ate mounted onMeft front side of the engine. The oil 
reservoir encloses the pump housing and provides a reserve supply of oil 
to assure complete filling of the hydraulic system. Atmospheric pressure* 
in the Reservoir is maintained through a vent near the filler neck of the 
reservoir. A filter is installed near intake of pump to prevent dirt or other 
foreign matter from entering the hydraulic system. The pump is driven by 
a doujble pulley and two V-belts from the engine accessory drive. For 
repair, replacement, and service notify direct support maintenance unit. * 

e. Steering linkage . The steering linkage consists of a pitman arm, 
drag link, steering knuckle arm, adjustable tie rod, and adjustable power 
cylinder. Adjustable spring -loaded ball seats at both ends of the drag link 
engage the pitman arm ball stud and ball stud on left steering knuckle arm. 
Spring -loaded ball seats at both ends of the power ^c ylinder engage the ball 
Ifttiifl nn the spring ehaeldc bull au d ball SCuct on the right steering knuckle 
arm. 1 * 

6. STEERING WHEEL. 

a. Steering wheel removal . 

(1) Remove horn button assembly. 

(2) Remove hex-nut securing steering wheel to upper end of 
steerihg shaft. 





\ 



b. Steering wheel installation. 




r 



(1) Position steering wheel on upper end of steering shaft with 
splines on end of shaft engaging splines in bore, of steering wheel hub- 
Steering wheel should 1 be installed so that spokes form a Y when viewed 
from the driver's seat with the front wheels in straight -ahead position. 



(2) Install' hex -nut on steering shaft and torque to 55-65 ft lb. 
y (3) Install' hBrn buttotf assembly. 






Steering wheel. 



7. STEERING COLUMN BUSHINGS. 




General . The*e ar£ two steering column bushings: one mounted in 
a bracket on the vehicle instrument panel and the other mounted in a bracket 
on the vehicle firewall. . 
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ft 



b. Removal of steering column Vftghftigfe !?* 

t 

(1) Remove screw, washef , and iiut retaining upper steering 
column bracket to engine xpmpartment side of firewall. 



(2) Remove screw retaining upper steering column bracket to 
upper steering column. . 

(3) Remove screw frofn clamp on steerinjfccolumn bracket that is 
mounted on firewall. » fc • 

(4) Remove screw from clamp on steering column bracket that is 
mounted on instrument panel. 

Q 

* (i) IjO wi iv ntc g iiugi uuluiim. Ke niove anetTdlscard two steering 

column bushings* 

• ^ * 

c. Installation of steering column bushings. 1 
> * * 

(1) Install and position two new steering column bushings on steer- 
ing column. 



(2) Raise steering column and bushings into proper position in the 
"two steering column brackets. 



STEERING COLUMN 
BRACKET , 

, CLAMP 



UPPER STEERING 
-COLUMN-BRACKET 



WASHER 



SCREW 




Steering column bushing removal and installation. 
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(3) Secure each steering column bracket clamp with a screw. 

4 ' « 

(4) Aline holes in upper steering column bracket with holes in 
firewall and secure with screw, washer, and nut, 

(5) Install the screw retaining the upper steering column bracket 
to the upper steering .column. 

8* PITMAN ARM. 

a. Pitman arm removal. 




(2) Remove nut and lockwasher securing pitman arm to steering 
gear shaft, 

(3) Remove pitman ari^ using a suitable puller. 

b. Pitman arm installation , t , • « 

\(1) With front wheels straight ahead and the. steering wheel in mid- 
position^install the pitman arm on splined portion 'of steering gear shaft by 

^dminguidex marks an shaft and arm. ^ ^ 

- — * , i- 

.(Z) Place lockwasher and nut on threaded portion fof steering gear 
shaft and torque nut to 475-500 ft lb. * I 

(3) Connect front end of drag link to pitman arm ball stud. 

^9. _ DRAG LINK. 

a. Drag link removed . 

(1) Set front wheels in straight ahead position and steering wheel 
in midposition. 

(2) Remove and discard cotter pins from both ends of drag link. 

(3) Disconnect dust shield from Iboth ends of drag link. 

(4) * Loosen adjustable plugs at both ends of drag link, but do not 
remove plugs. ' * / 

< 

(5) Turn steeriiig wheel in both directions to loosen drag link end*. 
Remove front end of drag link from pitman arm tJall stud and rear end of 
drag link from steering knuckle arm ball stud. 
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Steering linkage reinoval and installation. 
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Note; - If the adjustable plugs are removed, make sure that plugs and 
springs are kept free of dirt, 

^ (6) Remove and -discard dust shields and felt pads from pitmai 
^arm ball stud and steering knuckle arm ball stud,, 

b. Drag link installation . 

Note. - Front end of, drag link assembly is the end that lias greatest distance 
between the tall stud opening and end of drag link* 

(1) Install a new dust shield and new felt pad on the pitman arm 
ball stud and steering knuckle arm ball stud* 

f (2) Place drag link on pitman arm ball stud; make sure that drag 
link ball seats encircle pitman arm ball stud. 

(3) Screw front adjustable plug into front of drag link, but do not 
tighten. _ r 

(4) Place drag link on steering knuckle arm ball stud; make sure ' 
ball seats encircle knuckle arm ball stud. 

V (5) Scr|w rear adjustable plug into reajr of drag link tight .onto the 

ball seats and then back off until slot in adjustable plug is alined with holes 
in socket* Install new cotter pin. 

I (6) Screw fronfc adjustable plug into front of drag link tight onto 
ball seats and then back off until slot in adjustable plug is alined with holes 
in socket* Install cotter pin. 

(7) Turn steering wheel in both directions* to make certain that 
ball seats and ball studs are seated. 

(8) Connect dust shield on both en£s of drag link. 

(9) LuBricate drag link according to LO 9-2320-260-12. 
. c. Drag link repair parts kit installation* w * . * - 

(1) Remove drag link assembly. Refer to paragraph a above. 
' (2) Remove and discard adjustable plugs from both ends of drag' 

link. 



LUBRICATION 
FITTING <2> 



* COTTER PIN (2) 
\ DRAG LINK / FRONT OF VEHICLE 





RETAINER 



DUST SHIELD 



) 



Drag link ~ exploded view. - ' 



» •« 

(3) Remove and discard retainer, spring, and two ball seats from 
"each- end of drag link. \ 

(4) 'Install components of repair parts kit in drag link, 

(5) Install drag link assembly* Refer to. paragraph b above- 
10.. POWER STEERING CYLINDER. 

a. Power steering cylinder removal. 

(1) Remove shield guard. 

(2) Remove two hoses from top of power steering Cylinder. 



4 
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~Note« - When removing hoses have 3jwtitabIe^container (2 -quart capacity) 



AS/ 



to drain the oU._ AlsoT^cap all hoses and ports immediately to 
^ ^ ^ ptevent dirt or foreign matter f*om entering power steering system. 

(3) Disconnect dust shield and felt pad. Remove cotter pin from 
front of power steering cylinder., " • 

J - 

^ (4) Loosen front adjustable plug as far as possible without, com- 
pletely removing it from power steering cylinder. 

(5) Remove dust shield and feltjpad from socket at steering 
knuckle arm. 



assembly 



(6) Remove cotter^pisfx^om rear of power steering cylinder socket . 



(7) tpe^n^e^snr^KiJirsta&le plug as far as^possibie withoug^om- 
pletely remomg from power steering cylinder, , ' §y ~' 

(8) Tap power steeifing cylinder at both ends to ^Loosen ball seats 
from ball stt^ds and remove powjW steering cylindex from vehicle. 



tlOSE ASSEM8LY (2) 




ADJUSTABLE PLUG 
AND COTTER PIN 
* (HIDDEN) 



Power steering cylinder ,yiosts , and fittings". 
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b. Power steering cylinder travel adjustment , 

, Note* - The power cylinder is properly adjusted when, with^gheels posi- 
tioned straight ahead, the distance between centerlines o£the spring 
shackle bolt ball stud and steering knuckle arm ball stud is 25.50 
/ft inches. 

(1) Loosen clamping nut and bolt to release pressure on threaded 
end of power steering cylinder. 

(2) Turn socket assembly counterclockwise to extend travel of 
power steering cylinder. 

(3) Turn socket assembly clockwise to decrease travel of power 

cylinder. 

(4) — When tr av el- o f po w er-^Under-has-be^nr-adjuat^dy^tigh t e n clar ni 

Shut and bolt on threaded end of power steering cylinder. Torque to 85 ft lb. 

c. Power steering cylinder installation . 

(1) Position power steering cylinder ball seat on ball stud of spring 
shatrkle bolt; make sure that ball stud is encircled by 'ball- seats. 

(2) Screw in adjustable plug just enough to hold ball seats on ball 

,stud. > 

J • • . 

(3) Position ball' seats on ball -stud of upper steering knuckle arm. 

(4) -Screw adjustable plug into rear sqcket tight onto ball seats and " 
then back off until slot in adjustable plug is alined with holes in socket. 
Insert, cotter pin. % 

(5) Screw adjustable plug into front socket tight onto ball seats 
ind then back off until slot on adjustable plug is alined with holes in socket. 

- Install cotter pin. 

(6) Install two hoses on power steefing cylinder. Be certain con- 
nections are clean and are tightened firmly. 

(7) Install shield guard* v 

(8) Bleed steering system. 

(9) Start engine; then turn steerfcig wheels in both directions to 
check for proper adjustment of power steering cylinder and proper seating 
of ball seats on ball studs. ' 
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(10) Install dust shield and felt pad on both ends of power steering 
cylinder,. 

I _ 

11. SOCKET ASSEMBLY. 
"** I 

a. ^General. The socket assembly wifo clamp is attached to rod end 
of power steering cylinder on one end and fo steering knuckle ball stud on 
the otheilC" 



&9 



b. Removal of socket ^sembly with clamp . 

<1) Dis connect /^ust shield and felt pad from socket, 

(2) Remove cotter pin from socket, i 

< ° .V 

(3) Loosen adjustable plug to allow ball seats to release steering 
knuckle ball stucE — : 



(4) Remove socket from steering knuckle ball stu$ 
y 1 

i (5) Loosen clamping nut and bolt^to-TfeTease pressure on threaded 

end of power steering cyljLnder^o<i. Remove socket fronf-rod. . « 

(6) Remove and discard- dust ^hield and f6lt pad, > * 

c. Repair of socket assembly , 

(1) Remove sockefr. Refer to paragraph b above, 

(2) ♦ Remove and discard adjustable«jplug, two ball* seats, "and spring. 

(3) Install a new spring, two ball seats, and adjustable plug. 

(4) Install socket on pis^f steering rod end. Refer to d below. ' 

d. Installation of socket assembly! with clamp . 
/ » . 

, (1) Thread socket on rod end of .power 'steering cylinder. 

(2) Position .new dust shield and felt pad on steering knuckle* ball * 

stud. 



(3) Install socket on steering knuckle ball stud. Refer to paragraphs 
9c(3) through (5). ^ 
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(4) Check and adjust travel of power steering cylinder as neces- 
sary* Refer to paragraph 9b. 



12. 



(5) Secure dust shield and felfpadroii^ socket. 
HYDRAULIC HOSES, TUBES, AND FITTINGS. 



a. • , Description. The components of the power steeting hydraulic 
system are connected by a combination of tubes and flexible hoses. Inspect 
flexible hoses, tubes, and fittings for damage and leaks. 



WARNING: Do not start engine after fittings are disconnected as the hose 
f may whip and fluid escape under pressure causing injury to 

personnel. Before installing or connecting any fittings, hoses, 
or tubing be certain that all openings are clean and free from 
foreign matter. Failure to-use precautionary measures to 
™ — . px^^nt^fox^ign-roaUernEr^ 



systems may result in an accident, damaged equipment, or 
injury to personnel. 



/RAME EL80W 
CONNECTORS (2) 




ring hydraulic system, hoses, tubes, and fittings — 
removal and installation. 
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Note. - Cap all open ports and hoses to prevent foreign matter from enter 
ing hyjiraulic steering system. \* % 

b. Removal of power steering pressure hose, return hose, and v 
related parts* 

(1) Remove steering gear shield guard. 

(2) Drain hydraulic oil from power steering pump into suitable 
container (1 gallon, minimum) by disconnecting pressure hose from elbow 
on steering gear. ? 

(3) Loosen hose strap support holding pressure hose and return 
hose. 4 | 

(4) Disconnect pressure hose from power steering pump and 
-re move hose ^ ~ *— * 



(5) Loosen'hose clamps at upper and lower end of return liose. 
Remove hose and hose strap* supVb^V 5 ^^^^ * k 

» * ' 

(6) Disconnect return tube from adapter on steering -gear and 
r emov e^r eturn tub e. ^ 

(7) Remove elbow from top of steering gear and adapter from 
bottom of steering gear. • ^ ""^ 

c « Installation of fower steering pressure hose, return hose, and 
related parts : 

- ^ (1) Install adapter in bottom of steering gear. Torque to 25*35 
ft lb. 

(2) Install elbow to top of steering gear. Torque to 25-35 ft lb. 

(3) Install pressure hose, return hose, and return tube. Reverse 
removal procedure in (1) through (6) in b above. 

i 

(4) Add hydraulic oil, as necessary, to bring level of oil tip full 
mark on oil reservoir sight gage. 

(5) Start engine' and run at idle speed for 2 or 3 minutes. Stop 
engine and add hydraulic 6il if necessary. ' 
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(0) Start engine, run at idle speed, and turn wheels slowly from 
side to side several times to completely bleed air out of 'system. Place 
wheels in straight -ahead position. Stop engine and add hydraulic oil* 

(if "necessary) to bring level ofpil to full mark. 
*i ' . . 

d. Removal of power steering cylinder hose assemblies . Both hoses 
are removed in the following % manner: Wfi 

(1) Remove steering cylinder shield gtufrd. 

(2) Drain hydraulic oil from hoses into suitable container by 
disconnecting hose frbm elbow on steering cylinder. 

(3) Disconnect hose from frame elbow connectors and remove 
hose. o n 

(4) Remove elbow from steering cylinder. 

Installation of power steering cylinder hose assemblies . Both 
s are'installed*in the following manner: , 

(1) Install elbow in steering cylinder. Torque to 25-35 ft lb. ~ 

(2) Install one end of hose to elbow on steering cylinder and the 
other end to the fram«|> elbow, connector. * 

(3) Install steering cylinder shield guard. 

(4) Add hydraulic oil and bleed system. Refer to c(4) through {6) 
above. >* 

13. INSPECTION. An inspection should begin by checking the level and 
condition of the steering oil and looking for evidence of leaks. 

a. Inspect the hydraulic purai>. Look especially for signs of leaks at 
the pump mounting gasket and between the pump and its cover. Tighten the 
mounting' and cover bolts if necessary. 

4 

(1) Examine all hydraulic hoses carefully, especially the high- 
pressure hoses between the pump and the control valve and between the 
control y^alve and power cylinder. The hoses should be secure in their 
clamps and not rubbing 'against other parts or components. Unless there 
is evidence of leaks, do not tighten any of the hose fittings. 
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(2) Check the control valve for evidence of leaks and for loose 
valve-to-steering jacket mounting bolts. 



(3) Check the power cylinder for evidence of leaks arojund the* ^ 
fittings, hoses, and the "cylinder -to -steering gear mounting -bolts . 

b. If no leaks are evident in the system,' ,you can now add oil to the • 
reservoir if you found the oil level low when you checked it. Of course, if 
you found the oil dirty or* mixed with water, drain t]he old oil arid refill it, * 
with clean ofl. While the oil is draining, clean the filter screen. The oil 
used is OE (oil, engine) of the grade prescribed fdr the vehicle's engine. 
The oil level^in the reservoir should be maintained at 3/4 full in order to 
allow for expansion. ^ ' 

c. Continue your inspection by checking the„*steering gear itself. 

(1) Look for evidence of lubrication oil leaks around the gear 1 
housing gaskets and seals. 

(2) Check the level of the lubrication^oil in the steering gear 
housing by removing the filler plug in the top of the housing. If necessary*/ 
fill the housing with the proper grade of gear oil (GO). This oil is much 
heavier than the OE used in the hydraulic system. It is easy, therefore, ^ 
to determine whether. the hydraulic system or the steering gear is at fault '* 
if a leak is discovered around the steering gear housing. 

(3) Check the steering gear°-to -frame bracket mounting bolts with 
a wrench. Also check the steeririg*column-to-dash panel bracket bolts for 
tightness . r < * 

d. Start the engine and'check the hydraulic system for leaks while oil * 
pressuf e^is applied. Recall that frigh pressure is developed in the system 

nly when a turning effort is applied on the steering wheel. So have a buddy 
tiirn the steering wheel while you look for oil leaks. Don't hold the steering 
against the steering stop«for more than a few seconds at a time because this 
can damage the hydraulic system. It's true that the relief valve will open to 
prevent the pressure from going high enough to rupture lines and units; 
however, the high pressure cjeates he,at which can damage the system if j 
maximum pressure is maintained* tod long. 

e. RoaLd test' the vehicle. Check for any tendency to wander, weave 
back and forth, or shimmy. Check for excessive fre$ play, binding, and 'for 
pulling to the right or left. Also check tTie action of the steering assist 
through both right and left turns. The steering effort required should -be so 
small that you can turn the -steering wheel v^ith your thumb and forefinger 
while the vehicle is moving ^' 



14. ik&LATlNG FAULTS. If the road test reveals any steering faults, the 
jgx^ttep is to find the cause* Common steering faults, their causes, and 
remedies were covered in another l e s son and, in general, will also apply 
to the [power steering system of the 5-ton truck* Here we will only describe 
faults yiat are peculiar to the power steering system of the 5-ton truck* 

a* If^the steering was hard or was binding 'when turning, the trouble 
could be 9 the power steering gear, steering column jacket linkage, or steer - 
1 ing kiiuckle pivots* To pinpoint the trouble you' will need to disconnect the 
steering linkage from the s.teering gear. This is done at the point where 
the upper drag link connects to the pitman arm* 

(1) - To disconnect the drag link from the pitman arm, remove, the 
cotter pin and dust shield from the upper drag^txnk>end. Unscrew the drag 
link adjusting plug as far as possible without, removing it. Turn the steering 
wheel back and forth to loosen tjajerball seats pri the pitman arm ball stud* 
Then lift the dxag link from the pitman arm ball stud* . 4 

* (2) Use 'a jack and raise the front axX* until both front wheels are 
off the ground. Grasp one 'front wheel at the front and rear and pivot the 
wheels back and forth on their steering. kntickles. If the wheels pivot easily, 
any hard or binding steering^ not caused by the steering knuckles or steer- 
ing linkage. 

~^-(3) o The binding problem 
may be caused by the steering column 

'jacket being misalifted with the steer- 
ing gear. • To check for this, loosen 
the mounting bracket capscr,ews and 
the clamp' boll securing the steering 
column jacket to the instrument 
panel.' *lf the column is misalined 

. enough to cause the steering shaft to 
bind, it will realine itself when the 
capscrews and clamp are loosened. 
Tighten the mounting, <screjA^ and ^ 
clamp; then turn the steering wheel to check for binding. If it >till binds, 
the trouble is. in the steering gear. If the problem was hard steering with 
no binding, the cause is in the hydraulic system. * - 

b. ^£the vehicle pulled to the.right or left during the road test, it 
could be baused by the same tilings that cause this on other vehicles', such 
as unequal tire pressure or dragging ,brakes. On the ,5-ton truck, however,,, 
pulliqg to one side can also, tag caused by the hydraulic power steering* You 
can check for this in the following manner: 
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(1) The drag link must be disconnected from the pitman arm. 
Make sure that the steering gear isJLn the midposition. Do this by turning 
the steering wheel in one direction as far as it will go. Then, counting the 
number of turns, turn the wheel in the opposite direction as far as it will go. 
Turn the wheel back just half the number of turns you cPttfltejdNfrpm stop to 
stop. 




(2) Now start the engine and operate it 4* juint idle. Without . 
touching the steering wheel, watch it to see if it moves by itself. If it does, 
the power steering c<j**rol valve is not centered; that is, it does not* return 
'to the neutral.position/ If this condition exists it can be caused by loose 
control valve mounting bolts or lo<*se cam cover bolts at the ends of the 
cam. . If tightening these bolts does not correct the problem, the cause 
is a defective control valve or the valve is not adjusted properly. 

cJ After the cause of trouble has been corrected you must reconnect 
the drag link to the pitman arm. If the repairs are beyond the organiza- 
tional level of maintenance, notify your maintenance sergeant so that he can 
arrange for the truck to be repaired by your support unit. When connecting 
the 'drag. link, make sure that the ball stud is properly. positioned between 
the ball seats and tighten the drag link adjusting plug until it bottoms. 
Then back off the adjusting plug until its slot is alined with the first cotter 
pin hole. Install the dust shield and & new cotter pin; then lubricate the ^ 
drag link. " r 



d. In order to isolate the fault in*the hydraulic; system, the repairman 
from the support unit may use a pressure test gage set that is designed for 
\ this task. Just in case you.get to assist on the job, here is how it is done. 

\ (1) The high-pressure line between the pump and control valye is 
disconnected at the control valve. A tee fittirig is installed on the control 
yalve where the line was removed. Then the high -pressure line is con- 
nected to the tee fitting. At the center of the tee, connect the pressure^ 
gage # using-a>hort hose that is provided in the test kjt. The hydraulic 
system can nouKbe operated and, the pressu*eg^developed will be shown on 
the pressure gag^\^ ^^^^ { *> 

\ ^^^^ 1 ** 

• (2) Before m^kix^ anfpressure tests, fill the reservoir to th* 

proper level with^OE 10\ngine oil and operate the engine until the hydraulic 

oil is at nprmal operating temperature. Should a rapid pressure buildup 

occur when the ^engine is started turn the engine; off quickly. Look for 

plugged lines, fitting's, and oil passages before ^ing any farther. A 

^plugged 6r j>artialj.y plugged passage blocking flo^y 6iay cause pressure 

buildup that will burst lines or castings. ' 
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(3) ' After the unit has readied normal operating temperature, turn 
the steering wheel for a right turn with the engine running fet 1, 000 RF 
Continue turning the stefcring.'Wheel until the right turn stop is readied; 
then hold_it tight against the stop for just a few seconds. Thcfgage should 
read 75,0 PSI for trucks with gasoline engines and between 850 and 1,000 
PSI for multifuel and dies el engines. 

(4) To repeat this test in the >eft turn position, it may be neces- 
sary to haye an assistant hold a piece of iron, 1/4-inch thick, between the 
front axle left turn stop. If the hydraulic power piston is allowed to travel 
to the end of the cylinder on a left turn, it uncovers a port that allows the 
escape of .pressure. The 1/4-inch piece of iron between the stop prevents 
the piston from traveling far enough to uncover the port. 

(5) If the pressure is too low it wUlJbe-iiecessary to make a 
further test to tell which unit is at fault^f-tfi^relief valve and pump are 
separate assemblies. This is d$»erSy^blocking the oil flow to the "relief 
valve. Care musti.be us e&*xfjys event the pressure from building above 
750 PSt when making the pressure test with the relief valve blocked. If 
this test raises the pressure, the relief valve is defective. If the pressure 
is still too low, the pump is probably defective. If replacing the pump does 
not raise the pressure, the trouble will be internal leakage in the control 
valv,e or power cylinder. 

(6) If the pressure was too high with the relief valve competed 
properly tfi the system, the relief valve is at faultfr On trucks with gasoline 
engines the relief valve is replaced separately, but the steering pump must 4 
be replaced on trucks with multjLfttel and Mack diesel engines. 

SECTION in. CONCLUSION 
15. SUMMARY. / 

a. Of the four tjasic types of hydraulic system diagrams, graphical 
diagrams are usually preferred for troubleshooting purposes. The 
graphical diagram is made up of simple symbols to shoW the function of 
the system components and' the flow of liquid. The USASI symbol system, 
which is the latest in use, contains a minimum of printed words so that 
they bfi^ge language barriers. If the mechanic does not have these symbols 
memorized he "must have a complete listing of them on hand for reference 
to read the diagrams. ' * 



b. Although hydraulic systems vary a great deal in design, improper / 
operation of any system can generally be traced to one of a few coxhmop 
causes. The causes are yrbng oil in the system, low oil level, defective 
parts, leaks, foreign substance in the system, improper .adjustments, afid 
improper operating procedures. In order to locate the cause of trouble * 
and to repair the vehicle* quickly, the mechanic may use a system that can ' 
be called STOP - S for itiidy, T fotf test/ O for organize, P for perform 
repairs. 




c. Aayoil can see from the procedures described iixthis lesson, 
removing affd-4eplacing some of the Ross HF-64 power steering system 
parts can be a big jo'b. For this reason, be sure that you find the cause 
of a steering problem before you start replacing parts. A mechanic would 
feel very foolish if he replaced the steering gear and then found out. that the 
cause of hard steering was a defective bearing in a steering knuckle. If 
you are in # doubt as to what th^ exact cause is, consult an experienced 
repairman. He will be glad to assist. , „ * 

16. PRACTICE TASKS. The appendix of this lesson contains a list of tasks 
associated with power steering gear maintenance. They are representative 
of the tasks you will be required to perform as a wheeled vehicle mechanic* 
Perforr^aU the tasks listed. 9 B$ sure you are under the supervision of an 
officer, NCO; or specialist who is qualified in the MOS when you practice 
the tasks. Restudy the appropriate training material and practice the t^ljs 
until you become profflbient in each one. 

EXERCISE . * 

66. What : type of hydraulic system diagram should the mechanic^use'for 
locating the oil reservoir on a vehicle ? 

* » 

a. Block 

b. Cutaway 

<c. Pictorial ■> f ' • 

♦ . « 

67. Why are graphical diagrams of h^aulic systems us^d? 

*• " ' \ ' 

a * To give a complete listing of p^rts 

To show detailed construction 6f parts 

c * To identify the purpose of parts 
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68. What hydraulic syitem part is often shown by symbols at severaj. 
different points on 3 .diagram even though the system contains Only 
one of the parts 



a. I*ump ^ 

b. « Reservoir 

c. ValVe 



69* Which symbol shows a hydraulic drain line? 



a. 
b. 
c. 



70. What symbol is used to show a reversible hydraulic motor? 






71. Which statement is true in regard to the 
accompanying symbol of a relief valve? 



a. 
b. 
c. 



Spring pressure opens the valve 
The valve is normally closed 
Liquid 'flow is permitted in either 
direction 




72. To which section of a steering control valve symbol are the connecting 
linens drawn? , * . 

a. Neutral 

b. Right turn 

c. Left turn * _ 
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73. What iaHkHSTfirst step in troubleshooting a hydraulic system? 

s • 
'' a. Study ' * ' , 1 ' ' 

b. Test ' 

c. Organize * . » 

74. How, is high pressure created in tye hydraulic power steering system 
to check it for leaks? ' . J 

a. Run the vehicle at high speeds r 

b. Apply a turning effort on the steering wheel 

c. Pressurize the oil reservoir with compressed air 

75. On a 5-ton truck, the control valve foif the steering system is 

a. " built into the'hydrauiic^nunp. 

, b. built into the hydraulic -cylinder. 

c. located on the upper end of the steering gear! ' 

76. On what part of the 5-ton tyuck are the power steering pump and oil 
reservoir mounted? 

> 

a; Left fender well 

* b. } Left front side of engine 

c. Top of the power steering cylinder x . % 

77. How many V-belts are used to drive the pOwex steering pump? . 
V a*. 1 

b. ' 2 t e> 
c» 3 ' ' 

78. How should the pitman arm on a 5-ton truck be positioned when it is * 
installed? * 

a. Aline index marks 

b. Downward • . 

c. Forward , 

* • * 

79. ,When removing the drag link, what action is taken With the dust' shields 
after removal? 



a. Discard 

b. Clean and lubricate * 4 

c. Reverse front and rear shields 
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80. The pitman arm shaft end play is controlled by the adjusting /SL2^ 
a* nut. ~~ — - 

b. shims.' . ' 

c. •'plug. y 

81. During inspection of the 'power steering system of the 5 -ton truck, 
what oil level should be indicated in the reservoir? 

a. 1/2 full 

b. - 3/4 full ' 4 , ■ 

c. completely full* ' 

82. What should be checked if the steering-gear on a 5 -ton truck was 
' hard or binding during turning? 

a. I^rag link adjustment 

b. Front wheel alinement 

c. Steering column jacket'alinement 

83. What would cause the power piston to move when the drivex'is not 
turning the steering wheel? 

a. Oil pressure too high ^ # 

, b. Control valve not centered 
c. Relief valve spring weak or broken 

» 

84. - Why is a piece of iron held between the left steering stop when pressure 

testing the hydraulic steering of the 5 -ton truok? - 

a. To keep the system from overheating, due to excessive pressure 
buildup 

' b. To permit pressure buildup without opening the relfef valve * 
c. To prevent oil from bypassing*the power cylinder piston 

85. .What is required to isolate faults in the hydraulic system of the 5-ton 

truck poWer steering system? u 

■c • * * 

a. Pressure test,gage 

b. External oil pressure *gS • . * 

c. M3 oil pump and gage . 
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APPENDIX"' 
PRACTICE TASK LIST 



t 



Practice Objective . . ., After practicing the following tasks 

you will be able to: 

1. Inspect the power steering ^ 
system of a 5-t<?n truck* 

2. Road .test tjie vehicle to check; 

% , the operation of the steering * 

system. * ' < 

A m t 

Practice Tagks. 

1. Troubles that <gn develop in power steering gears can be divided into 
two major groups: Tirst, the troubles that originate in the mechanical" 
. steering gear itself j and second, the troubles that originate in the hydraulic 
^ system. Because the power steering gear is fcxpehsive.and is difficult to 
~ replace, be sure that it can't be repaired on the vehicle* b^re^ou condemn 
it. This means tjiat the unit should be thoroughly^ inspected and all checks 
made before ^u decide it must be replaced. . % 

a^fcjfcnspect the power steering gear on a 5-ton truck. 

• . ' * * * ' ' S~ 

(1) Look especially for oil leaks around the reservoir / oil punQ>, 
relief valve, control valve, power cylinder, a^d all connecting hoses and 
fittings. * 



1 (2) Look for leaking seals and gaskets on the steering gear housing 

✓ - : . • 

b. Check the following items on the power steering gesyrr 

(1) Oil level and condition' in the power steering reservoir. Add . 
oil if necessary. 



(2) Oil.level in the steering gear housing. 



,(3) Using a wrench, check the steering gear mounting bolts and 
. nuts as well as the nut tljat secures the pitman arm to the pitman arm shift 
lever, 

(4) With -an assistant turning the steering wheel back and forth,- - 
*check for looseness at the steering gear or at any point in the steering 
linkage. Also look for pressure leaks. • 



\ 
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2. Road test the vehicle. 



a. * Check for any tendency of the vehicle to drift to one side of the road, 
wander, or shimmy. 

- b. Turn the**steering wheel through its entire range and note any 
evidence of binding on the paft of the steering gear or steering linkage. 

c\ After the road test, return the vehicle to tKe'shop and recheck • 
for pil leaks. 

* • ( < > 



-SS" 



a 



i. 
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^Idout illustration No 1. USASI Graphical Symbols. 

* ■ ' 4-3.7 ' 
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METHODS OF OPERATION 

% 




SPRING 

• 


* 


\ 
• 


'MANUAL f 

4 * - 


••'■=[ 




«r 

PUSH BUTTON 




• 


PUSH-PULL LIVIjl 






PEDAL Oft TREADLE 


-* : 


• 


* f 
MECHANICAL 

* 


at 


I 


DETENT 


i " 




PRESSURE COMPENSATED 




ft 


SOLENOID, SDfGLS 
WINDING . 

/ 1 




\ 


% • 

RSVEWDtC MOTOR * 


©ft 


< 


PILOT PRESSURE 

r a 

REMOTE SUPPLY 

% 

* INTERNAL SUPPLY * 

# c * 


. -HI ! 



MISCELLANEOUS 



ROTATING SHAFT 



ENCLOSURE 



RESERVOIR " 
VENTED 



PRESSURIZED 



PRESSURE GAUGE 



ELECTIVE MOTOR 



ACCUMULATOR, SPRING 
LOADED 



^ ACCUMULATOR 



GAS CHARGED 



H EATEN 



COOLER 



TEMPERATURE 
CONTROLLER 



FILTER, STRAINER 



TABLE 1. IMPROPER OPERATION OF PUMPS. 
FAILURE OF PUMP'TO DELIVER FLUID 





Remedies 


» * • 
Low fluid level in reservoir. 

* * 


Add recommended oil and check level on both sides 
of tank baffle to be certain pump suction is sub* 
- merged. 


Oil intake pipe or inlet filter plugged. 


Clean filter or otherwise remove obstruction. 


Air leak in Inlet line preventing pricing or causing 
noise and irregular action of control circuit* 


Repair leaks* , . ~ — ^ ' 


Pump shaft turning too slowly tq prime itself 
(vane type pumps only). 


Check minimum speed recommendations in 
appropriate TM. 


Oil viscosity too beayy to. pick up prime. 


Use lighter viscosity oil. Follow appropriate TM's 
recommendations tor given temperature and service. 


mong direction of shaft rotation. 


Must be reversed immediately to prevent seizure and ^ 
breakage of parts due to lack of 01L *ea/ 


Broken purnpsnaft or parts broken inside pump. 
Shear pin or shear linkage broken. + 


Refer to appropriate TM for replacement instructions. 


Dirt in pump. f 4 


Dismantle and clean pump, and flush system. 


On variable* oeJivery pumps* the stroke is not right* 


Check appropriate W fot instructions. 


• y NO PRESSURE IN THE SYSTEM 


Possible Causes 


Remedies ^ 

' 39 ■ 



Pump not detrvering oil for any of the reasons given 
above brthts table* ** * 



Follow remedies given above in this table. 



Re$ef valve not functioning properly. 

(a) Valve setting not high enough* 

(b) Valve leaking. 

(c) Spring in renefjalve broken* 



Proceed as follows: 

. (a) Increase pressure setting of valves (check TM 
for correct pressure). 

(b) Check seat for score mark and reseat. 

(£) Replace spring and readjust vd(^ x 



Vane or vanes stuck in rotor slots (vane type 
pumps only}. * . 



Inspect for wedged xhips. ' * 
Inspect oil for excessive viscosity.' 



Headtoose (very infrequent). 



Must not be tightened too tightly. Stt TM's 
instructions before tightening. 



Free recirculation of oil to tank being allowed 
through system* 

; ^ 



A return line may be open due to either a directional » 
valve being set in the open-center neutral -position or 
some other valve unintentionally open. ° '* 



Internal leakage in control valves* 



To determine location progressively, block off - 
various parts of circuit. When trouble is located, 
repair. 



Foldout illustration No Z'tpage 1 of 2 pages)* 



TABLE 1* IMPROPER OPERATION OF PUMPS— CONTINUED. 
PUMP MAKING NOISE 



Possible Causes 



Remedies 



Partially clogged intake line, intake filter, or 
restricted intake pipe. - m 



Clean out intake, strainer, or eliminate restrictions* 
Be sure inlet line is completely open. „ 



Air leaks- 

(a) At pump in take"piptng joints. 

(b) At pump shaft packing (if present). 

( j 

(c) Air drawn in through inlet pipe openings. 



Proceed as follows: 

(a) Test by pouring oil on joints while listening 
for change in sound of operation. Tighten as required. 

(b) ^ Pour oil around shaft while listening for change 
in sound of operation* Follow appropriate TM's 
recommendations when changing packing. 

.(c) Check to be certain inlet and return lines are 
weli below oil level in reservoir. Add oil to reservoir, 
, if necessary. / 



Ak bubbles in intake otL 



Use hydraulic oil containing a foam depressant* 



Reservoir air vent plugged. 



Air -must be allowed to breathe in the reservoir* 
Chan' or replace breather* , 



Pump running too fast. 



Check recommended maximum speeds from 
appropriate TM. 



Top hsgn oil viscosity. 



Use lower viscosity oil. Follow appropriate TM's 
recommendations for given temperature and service. 



Coupling misalinement* 



Renlihe. 



Pump head too loose, or a faulty head gasket. 



Test by pouring oil over head. Replace gasket or 
tighten head, as necessary. 



Stuck pump vane (vane type pump}* 



Inspect for wedged chips or sticky oil and reassemble. 



Worn or broken parts* 



Replace* 



EXTERNAL OIL LEA&AGE AROUND PUMP 



Possible Causes. 



Remedies 



Shaft racking worn* 



Replace.^ 



Head of oil on inlet pipe connection* 



Sometimes necessary, but Will usually cause slight 
leakage* Keep all joints tight. 



Dss na ge d head packing. 



Replace* 



TABLE 1. IMPROPER OPERATION OF PUMPS-CONTINUED. 



V 



EXCESSIVE WEAR 



Possible Causes 



Remedies 



Abrasive matter in the hydraulic 1 oil being 
circulated through the pump. 



Install adequate filter or replace oil more often. 



Viscosity of oil too low for working conditions. 



; pump TM's recommendations or consult 
thBrabrication chart. 



Sustained high pressure above maximum pump 

rating. 



Check relief or regulator valve' maximum setting. 



Drive misaiineraent or tight belt drive. 



Check and correct. 



. Air recirculation causing chatter in system. 



Remove aif from system. 



BREAKAGE OF PARTS INSIDE PUMP HOUSING 



Possible Causes 



Remedies 



Excessive press w^boveanaximum pifmp ratings 



<€heck*relie£or-regulator valve «n**i«nim setting. 



Seizure due to lack of oil. 



Check reservoir level, oil filter, and possibility of 
restriction in inlet line. 



Solid matter being wedged in pump. 



Install filter in suction line. 



Excessive tightening of head screws. 



Follow pump appropriate TM's recommendations. 



TABLE 2. IMPROPER OPERATION OF ACTUATING MECHANISMS 

# 

SYSTEM INOPERATIVE 



Possible Causes 



Remedies 



Any of the reasons listed in tables. 



Follow remedies given in tables. 



MECHANISMS CREEP WHEN STOPPED IN INTERMEDIATE POSITION ~ 



Possible Causes 



Remedies 7 " 



Internal leakage in actuating cylinders or 
operating valves. 



Replace piston packing or replace cylinder if walls 
are scored. Replace or repair valve. 
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i ' TABLE 2. IMPROPER OPERATION OF ACTUATING MECHANISMS— CONTINUED. ^ 

TIMES OF OPERATION LONGER THAN SPECIFIED ' 

1^ i Z . 

Possible Causes Remedies 

Air in system* 9 Bleed the system. 

Internal leak in actuating cylinder or directional -Replace piston packing or replace cylinder if walls 

control valve. * ^ are scored. Replace or repair valve. Clean unit to 

remove foreign matter, then check cam clearance. 

Worn pump* * Repair or replace. ■* 

If action is shttgish on starting up, but somewhat Check TM lubrication order. 

less sluggish after operating temperature* have 4 > 

mcressed* or if action slows down after warm up 

(depending on equipment and circuit design), it % < 

is probable that viscosity of oil is too high. 

— » 4 . — : . . — : — 

* f EXTERNAL OIL LEAKAGE * 

i a : 

Possible Causes . Remedies 

• y# ■ . r ____ • . 



End caps* , Tighten, if possible, or replace gasket. 

Chevron seals. ' Adjust or replace seal. 

ABNORMAL PACKING GLAND WEAR 
Possible Causes " Remedies 



Cylinder not securely fastened to frame* causing lighten. This should be chedfed periodically 

vibration. * * 



Mjsalinetnent of cylinder and piston rod extension. Check and correct. 

Side load on piston rod. Check for alinement of cylinder, worn pins or 

ball joints. - 

TABL^3. IMPROPER OPERATION OF ACCUMULATOR. 

. PRESSURE FROM ACCUMULATOR DROPS SUDDEPfl^ WHEN POSITION OF 

SELECTOR VALVE IS CHANGED 

Possible Csuse Remedy 

X * ~ - V 

Internal external leak in accumulator. ~ Repair leak or replace accumulator. 

\ 

WHEN PUMP IS RUNNING PRESSURE IS NORMAL, BUT WHEN PUMP IS 
STOPPED NO PRESSURE IS AVAILABLE 



Possible Cause Remedy 



Leaking gas valve or leaking check valve in hydraulic Replace check valve or gas valve* 
line. 

f 1 

Foldout illustratiorVNfc-^ - continued (page 2 of 2 pages). 
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TABLE 3. IMPROPER OPERATION OF ACCUMULATOR-CONTINUED. 
SLUGGISH RESPONSE FROM ACCUMULATOR 



Possible Causes 



Remedies 



Stoppage of oil screen in accumulator. 



Dismantle accumulator and clean screen. 



Gas precharge not sufficient. 



Precharge according to appropriate TM's 
instructions; also check for gas leaks. 



Note. Be sure all internal pressure is released beforeTepairs are made on accumulators. 



TABLE 4. EXCESSIVE HEATING OF OIL IN SYSTEM. * • 

HEATING CAUSED BY POWER UNIT (RESERVOIR, PUMP, RELIEF VALVE, AND COOLERS). 



Possible Causes 



.Remedies 



Relief valve is set at a higher pressure than necessary. 
Excess oil dissipated through increased slippage in 
various parts, or through relief valve or through 
directional valve. 



Reset relief valve, after checking/M for correct 
pressure. e 



Internal oil leakage due to wear in pump. 
Viscosity of oil too high. 



Repair or replace pump. 



Check LO for correct oil viscosity grade to be used 
at various temperatures. 



Pumps assembled after overhaul may be assembled 
too tightly. This reduces clearances and increases 
friction* 



Follow TM when rebuilding a pump. 



Leaking check valves or relief valves in pump. 

Improper functioning of oil cooler, or coolant is 
cut off. 



Repair or replace. 



•Inspect cooler and see that it is, clean inside and 
outside and that air flow or coolant flow around 
fins is not cut off. 



HEATJNG BECAUSE OF CONDITIONS IN SYSTEM 
Possible Causes " ' 



kemedie 



Restricted lines. 



If lines are crirape8, replace; if partially plugged for 
any reason, remove obstruction. 



Urge pump deliveries not unloaded properly. 



Make certain t%at operrirenter valves are neutralized 
and that any pressure-relieving valves are in the correct 
position. Only small pump volumes should be allowed 
to remain at high pressures when running idle for lone 
periods of time. * 



Insufficient radiation. 
Internal 



Use artificial cooling. 



Locate leaks, then replace packing* 
* 
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TABLE 4. EXCESSIVE HEATING OF OIL IN SYSTEM-CONTINUED. 
HEATING BECAUSE OF CONDITIONS IN SYSTEM-CONTINUED. 



Possible Causes . - Remedk* 



Reservoir too swaU to provide adequate cooling. Replace with larg er reservoir, or install cooler. 

Undenize valve* or piping. ] \ Check flow velocity through line* and valves and 

compare with TM's recommendations. If excessive, 
j> replace by instilling lar ger equipment. 

^ g&g 'VSSSS^ " ^ tem P eratUrM ' coition should be given to the 

* TABLES. IMPROPER OPERATION OF FLUID MOTORS. 



MOTOR TURNING IN WRONG DIRECTION 
Possible Cause ' 1 Ktm ^ 



Conductors crossed between control valve and motor. Check circuit to determine correct conductor 
\ , connection between control valve and motor. - 

MOTOR NOT TURNING OR NOT DEVELOPING P«$*ER SPEED OR TORQUE 
P otilble-Causes "— ~ Ren >edie< P 

\ 1 

& t ^gh! i * a \ reli ' f ^ adjU ' tmtnt " 0t *** Check system pres^ue and reset relief valve. 



Relief valve sticking open. Clean or replace relief valve and adjust. 

Directional control valve may be in open center 
tnrough system. „ \ ^ , j~m> - ww.VttMtnl (spool not shifting when control is operated)*. 
___ \ ' 4 r ■ check control vahre linkage. 

Driven mechanism binding because of misalinement. Check motor shaft for alinement. 

Pump not delivering enough GPM or pressure. Check pomp GP M and pressure, repair or replace. 

Motonroke not set at proper angle (on adjustable Adjust pump yoke angle. ' 



EXTERNAL OIL LEAKAGE FROM MOTOR 
Possible Cause — 



Remedy 



Note. - See also table Ion the improper operation, of pump*. 
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LESSON ASSIGNMENT SHEET 
Ordnance Subcourse No 63B207 . ; . Wheeled Vehicle Steering Systems 

Lesson 5» . Maintenance of Steering Linkages 

Credit Hours « . . . . % Three 



Lesson Objective . . ^ After studying this lesson you will be 

able to: 

• • * 

1. Explain the procedures used for. 
/ ^ inspecting, testing, and adjusting 

the steering«linkage components 
us^d on wheeled vehicles. ' 

2. Determine the procedures to 
* , (^repair the steering linkage 

• t . . * Mjcomponents. 

3. Explain the procedures for 
replacing the parts of a wheeled 
vehicle steering system, 

4. Explain the procedures used to 
adjust the toe-in of the front 

% wl^els' of a wheeled vehicle*. 

5. Describe the procedures for 
troubleshooting the components 
of .a steering system.* 
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Text '. . . Attached Memorandum 



t 3 



Materials Required • • . Answer sheet and response list 

Suggestions % Refer to the appropriate illustra- 

^ tion when studying thjs lesson. 

tt 

FOREWORD 

In order to control the steering*of a wheeled vehicle, the steering gear 
must be connected to the steering axle* The components that make up 
this connection are known as the peering finkage. The steering linkage 
is quite simple on vehicles such as .the 2- 1/2-todfcruck with a conventional 
fijont axle. The steering linkage is a little more complex on vehicles such 
as the 1/4-ton truck with individual wheel suspension. 
Sr 

Some parts of the steering linkage require very precise adjustments 
because -they control some of the factors affecting'the elinement of the 
front wheels. Keeping such parts properly adjusted is, one of the jobs 
done by a whefeled vehicle mechanic. 
I 

' / 

Above all, when inspecting the steering linkage, remember how important 
the linkage is to the safety of the driver and passengers of a vehicle. 
.Loose arms or tie rod <Jrag link ends could drop off and leave the driver 
with no steering control at aJl. A badly wrecked vehicle>and seriously 
'or fatally injured personnel could be the result. of the loss of steering 
control. * 
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ATTACHED MEMORANDUM 




' . .SECTION I. 1/4-TON TRUCKS 
1. INTRODUCTION. The steering linkage on wheeled vehicles plays a very 
important -part in*the steering System. . The linkage connects the steering 
gear, which is mounted solidly to the frame, to the steering axle, which is 
constantly moving up and down. Part of the linkage connects the two wheels 
to turntfhem in tl£ direction desired by the .operator. Not only does -the , 
steering linkage ha^to be very flexible, buT^must also beyxactly 
made. This is becausVit must hold the wheels in^&^gtant alinement at all 
times. The" linkage 6 must therefore be kept in proper adjtts^ment to provide 
a safe steering and to prevent too much steering component ana^re wear. 
Let's review sdme of the information you learned in earlier lesson^about 
the construction and operation of this linkage. This will hel£ you learn the 
information presented in this lesson on linkage maintenance* 



a? Steering linkages are basically madd up of arms, rods, and levers. 
The rods are often connected between the levers jan'd arms. The joints where 
the arms, levers, and rods a^e connected are of thg^ball (socket) joint type. 
The rods between the front wheels are called tie rods. They tie the, front ♦ 
wheels together.. „The„.ball .joints that „connect_the^tie-.rods-to the wheel -steer- 
ing knuckle arms are called tie rod ends. 



i 



/STEERING KNUCKLEs 
KINGPIN 




b. Some vehicles use a 
rod called a drag link. It 
usually connects, the steering 
gear pitman arm to one front 
wheel. You can see an exam- 
ple of a drag link in the illus- 
tration. Notice that it connects 
the left front wheel to the pit- 
man arm, which is mounted 
on the steering gear. 




ORAG LINK 
PITMAN A 




STEERING' SHAFT 

STEERING GEAR 

STEERING WHEEL 



STEERING 
KNUCKLE 
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c. The ball joints us^U in steering linkages' are of three general types: 




• (1) One type is assembled 
and sealed at the factory jyod-can only 
be lubricated^orjteplaced in 
Because-it Ts not de 
Repair edot.adjtls?^ in the field, it 
the nonrepairable type 




KEY 



\ % Nut 6. Adjustment sleeve (tie rod) 

2. Lockwasher 7. Tie rod end 

3. Clamp • 8. Dust boot 

4. Bolt 9. Nut 

5. Lubrication fitting 10. Cotter pin 



(2) A^eecond t^rpe can be adjusted in the jffeld and, 
tailed the adjustabletype» This type ball joint is prer~ 
links. of m^hy vehicles^ 




l ERIC 
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(3) The tKird type can 
be disassembled and repaired in 
the field. You will* see all three 
ty^es of steering ball joints as 
you study this lesson. 



IUMJCAT1NG RTTWG 



d. The^dfag links are normally a fixed length, whereas the tie rod 
leng^J^rl5rmally # adjustable^ j By changing the length of the tie rod, tke 
toe-in of the wheel^Js clianged. On some vehicles the tie. .rod is-mountecT 
behind th^c^eirter of the wheels. On other vehicles the tie rod is mounted 
ont of the center *of -the wheels. 



KNUOO!* 



(1) Some^vehicles use a two-piece tie rod. One tie rod connects 
tte~^£h^ or intermediate Tcnuckle 

arm and is called the right 
tie rod. The other tie rod 
connects the left wheel to 
the center, arm e^nd is called 
the. left tie rod.^A drag link 
then connects the steering 
gear pitman arm to the 
Center or intermediate' 
knuckle arm. You can see 
an example" of this type of 
two-piece tie rod linkage 
in the illustration. 




) 
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(2) Another version of the two-piece tie rod is used on some 
earlier 1/4-ton trucks. The tie rods connect the wheels to a N bell crank. 
The bell crank is connected to the steering gear by a drag link and pitman 
arm on the steering gear. There are various other arrangements of steer 
ing linkage using two tie reds. You will see another one of these ar.range- 
meifts in paragraphs 2 through 4 below. * 



'7o 




e. This review should have refreshed your memory of sotne of the 
steering linkage information you learned in earlier lessons. Nqw f^t's see 
how this linkage is maintained on specific vehicles. We will start with the 
inspection procedures for the 1/4-tori truck. _ 

Note . - Refer to foldout No l_in the back of this^pamphlet while studying 
paragraphs 2 through 4 below. 



2. INSPECTION. Before you start adjusting, repairing, or replacing parts, 
you should first inspect the overall condition of the steering system. Let's 
look over. the steering linkage components on the 1/4-ton truck M151 and see 
what there is to inspect. ^On the 1/4-ton truck M151 the steering linkage ctjn- 
lUjJthe parts necessary to get steering effort from the steering sector 
shaft to the front o wheels. The linkage includes the pitman arm (item H), 
pitman-to-idler arm rod.assembly (item B), steering spindle arjn tie rod 
assemblies (item J), steering idler arm aitd bracket (item%A), and steering 
spindle arms (item K). The tie rod ends have factory assembled, nonadjusta- 
ble type, spring-loaded b^ll sockets which compensate fof wear of the ball 
studs. Grease fittings are located in ea^h tie rod end and also witti idlel* arm 
bushings. , - ' * 



- 
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a. One of the first steps in inspe ction is to look for bent, broken, or t7f 
missing pa^ris. The pitman-to-idler arm rod .should be straight between the - 
two points wnere the tie rods connect* The tw^o tie rods normally have some 
bend in th6m. You can compare the tie rods to see if they both have the 
same general shape. Make sure you also cjieck all parts to see that they^ 
are not crack^cL^Phis is especially tsjie of the dust boots on the tie rj 
ends. Replace all missing parts. 

b. While yo\l are inspecting, make sure no parts ar^Toose. Loose 

parts could be parts that are loose where they are nmuiited. Parts such as ^ 

tie rod ^nds»can also be loose in the ball socket i^ix is worn excessively. 

Another place you might find some loosenesses in the adjustment thr'eads 

in each tie rod sleeve or tujr n buckle* B^^ure you check the pitman arm 

(item H) to see if it is loose oh the fritrfian arm shaft. Now that we know 

some of the parts in the stdering^linkage can be loose, let's s«ee how we find 

the loosehess.^ 
. 

* (1) One ofthe first ways to locate looseness is to try to mov£ the 
steering linkage^rts by hand. If you cannot find any looseness this way, 
try a seccAicprfiethod. In this method you have an assistant "rock 11 the steer- 
ing jwhe^l^ack-and-iorth while yotulook. at all the. steering .linkage _comp_Q- 

nente; When using this method the vehicle should NOT'be jacked 'up. The 
resistance of the tires on the floor or ground makes any looseness shqw up 
when the steering wheel is turned in each direction. 

(2) Another method of finding looseness is to jack up one wheel 
at a time. Then have the assistant hold the*steering wheel tigTit with the 
wheels straight ahead. Next, try to move the wheel to show up any loose- 
ness in the linkage. This means grasp the wheel in the front and the rear j 
and try to .move it like a shimmy action. 

* m 

(3) If no looseness shows up during the above inspection, look at 
all of the retaining .nuts. If you see what looks like rust around the part that 
binds against the metal, they are possibly J.oose. Tighten them up. If they 
won't tightea»(too tight on the tfireads to be turned) you may have to split 
them with a chisel and replace them. 

~_ * 

(4) If looseners does show up during the inspection, ^such as a % 
loose tie rod end, you should replace the part after the inspection is finished. • 
If a tie rod or fie rod end is replaced, the toe-in muat be checked. (See 
paragraph 4 below. ) < 4 ^ t * " I 

(5) A wprd of caution whe-n a part is found loose due to loose nutsr 
or bolts! Before ybu tighten the loose nuts or bolts, it is best to examine 
the condition of the loose .parts and the retaining bolts and nuts.. For exam- 
ple, let's say the vehicle was operated With the pitman -arm loose on the 
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pitman arm shaft splines. ? This can wear^the splines to" a dangerous condition./ 
If you just tighten up the retaining nut,' the pitman arm could turn ocj the shaft 
sometime later due to the worn splines. Inspect - the condition of the splines 
before you tighten the nut. If the splines are wotfn excessively in the. pitman 
arm (item'H), you/ the wheeled veHcle mechanic, Should replace the pitman 
arm. If the splines are* worn onthe pitman arm shaft, t5e* steering gear 
assembly (item G) will have to be replaced.^ Thi? is a job for support main- 
tenance personnel. * 

(6) If during the inspection you find that the steering gear has 
"exdessive play, the steering gear must be adjusted or replaced. _Notify 
your support maintenance unit if this condition exists. You areinotr author- 
ised to perform this maintenance on this vehicle. • * 

» * . * « 

c. So far we have been concerned with bent, broken, missing, and 
loose steering linkage pa^ts. Undoubtedly to us, any of these ^conditions 
creates a dangerous, steering system. Now let's look at another condition ; 

.that also maizes a dangerous steering system - binding' components or parts. 

(1) M^ke sure that all -parts function as-they shbuid. Turn the 
steering wheel Irom one end of its travel to the other end of its travel. 
There should be Vo binding. Jack up both front wheels and turn them in 
eitch direction (leS£ and right). There should be' no binding when this is 
done. ' 

\ . • . . • ■ 

(2) If any bidding is found in'the steering system, 'you should find 
out just where the trouble is located. Section IV of this lesson covers various 
steering problems. Y oil should gain some pointers'on locating binding causes 
when you stjidy this portion of the lesson. 

d. When inspecting the steering linkage, don't forgefto see if the parts 
are properly lubricated. It is best not to lubricate the steering^ parts (wpth 

the exception of the steering gear) until you check thfem for loosenea^r^This ✓ 
is. because the grease will temporarily tighten some loose parts. ,If the link-^ 
age nefeds lubricating (greasing),, lubricate it according to the vehicle lubri-* 
cation order (LO) AFTER you make your inspection. If parts, are binding 
diie^tp lack of lubrication, you should check the binding condition after you 
lubricate to make sure it has been corrected* Don't forget to check the 
steering ''gear oil level, however, when you inspect the vehicle. 



3. COMPONENT REPAIR AND REPLACEMENT* So far we have-fearned 
how to inspect the condition of the 1 1 A -ton truck M151 steering linkage. No 
let's see how the parts are { repaired or, if necessary, replaced. 
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a. First, let's decide w^en we should repair or replace. We normali^^ 
think of the repair of a. vehicle as inspecting, straightening, adjusting, and 
even replacing some parts. . This means that if the vehicle has loose steer- 
ing we may' repair the steering by replacing the loose parts . 

b. The nefct question is, ^Should we repair or replace a specific steer- 
ing component or part?" Let's say* that during an inspection you find the 
right tie rod of the 1/4-ton trick is slightly bent. Should you straighten it or * 
replace it? Straightening any steering linkage is at best a gamble! You 
might be able to straighten the bent right tie rod aiid safely raeuse it. How- 
eve'r, the tie rod could foave cracked when it was bent, or it could crack when 
it~is~straightenedv — The^«MC^-coiild be_iafeide so that it doe sn^show. If yQU 
install this question&bl^Ue rda you are gambling with human lives. .This is~^ 
a tactical vehicle and the steering must be able to take pretty, rough treat- 1 
ment. Therefore, don't straighten the part. Replace it apd you have repaif^d 
the steering linkage problem .correctly t \ ^ 

c. This is not saying that no rfepairs should be made to* the 1/4-ton 
truck Ml 51 steering linkage. You may have some burred threads that can 
be straightened with a tap or die. 

d. If during the inspection you find a tie rod end stud loose, disconnect 
the tie rod end. Look at the hole in which the stud is mounted. The hole is 
normally tapered and shoulci be perfectly round. If the vehicle is operated • 
for some time with the tie rod end ball stud loose, the hole may be worn 
oval or egg shaped. In this case the component with the oval hole must be 
replaced. ' • ' 

(1) If you look at the foldout in the baclj: of the lesson, you can s*ee 
that/tie rod ends are used in many places. Every place that^there is a tie * 
rod end, there is a chance of a loose stud causing an ovaihol^. 

* o 

(2) T.or example, the right tie rod outer eyxd is connected to the 
right spindly arm. Should the tie rod end mounting hole in the spindle arm 
become wWn oval, the spindle arm must be replaced.' At the same time, 
the tie rod end will also probably have to be replaced due to the stud being 
worn. 



■ejfl 



e. The pitman arm-to-idler arm rod lis supported on the right-hand side 
by an idler arm and bracket (item A in the foldout). This is a critical w$ar 
poii*t in the 1/4 -ton truck steering gear. Let's take a close look at the idler 
arm assembly arid see how it is repaired or replace^ * / > 
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(1) The accompanying 
illustration shows the idler arm 
as it looks from underneath the 
vehicle. The idler arm is the 
U-shaped p&rt located between 
its mounting bracket and the 
idler arm rod. The idler arm 
is threaded into ^'bushing on 
each end. The bushings are 
also threaded on the outside, 
r The outside threads screw into 
the bracket on one end of the 
idler arm. The bushing on the^ 
other end of the' idler arpi 
threads into the pitman arm-to- 
idler arm rod (sometines called 
the idler arm rod), Bot^i bush- 
ings have grease fittirygs on the 
* upper end and a grease seal cm 

* . the lower end, 

(2) Most of the weapon the idler arm occurs where the bushings 
are threaded on .the idler arrrj. This is because the idler arm threads move 
>v in an d out of the^ushing threads as the steering wheel is turned. There 
x should be no wear between the outer bushing threads and the bracket or idler 
arm rod. The bushings are tightened until they bottom in these two compo : 
nents. If the bashings do come in tljie bracket and idler arm rod it's a good 
possibility the holes ar§ worn oval- shaped. This means all wor,n parts 
must be replaced, • . 



/ 




f. Let's say that during an 
inspection of the steering linkage 
you find excessive play in the idlear* 
.^arm at the bracket. You check the 
bushings and find they are tight * 
both in the idler- arm rod and in the 
bracket, The'hext question is ^ 
how to replace the worn parfcs. 
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(1) The idler comes as 
part of a kit. The kit also inir 
eludes both bushings, seals, and 
grease fittings. This means both 
bushings must be removed. It'.s* 
a'good idea to break the bushings 
loose with a wrench while they 
. arei still supported. Then 
remove the bracket from the 
frame and lower the idler arm 1 
as far as possible. 



(2) Next, 'turn the bracket 
and bushing clockwise off the idler 
arm. This shows the idler arm has 
left-hand threads. Then turn the 
idler arm clockwise and sAew it 
\Out of the othe^t bushing. This end 
also has left-hand .t&neads. 




(3) Next, you s'hould remove t]ie bushing's from the bracket and 
idl£r arm rod. You will probably have to mount the bracket in^a vise to 
remove the bushing. Once you have removed the bushings, .clean the threads 
in the idler arm fbd and the bracket. Inspect the conditio;/ pf the threads. 
If the threads are stripped or^have been tross ^threaded,, replace the part. 
If'the threads are serviceable you are ready to install the new.bushiugs. 



(4) First, lubricate all parts with GAA. Ngxt, install the two' 
/ replacernent bushings. # Then slide thfe neoprene grease seals over the idler 
girm threads until the seals bottom on<the flange. Next, screw the idler arm 
into the idler arm rod* bushing (counterclockwise) until it bottoms (becomes 
tight). Then back the idler arm up -(clockwise) 1 to 1-1/3 turns. This allows 
the idler arm to swing back and forth as the steering wheel is turned. 
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(5) Next,, install the ' 
bracket and bushing on the other 
end of the idler arm. MakJ sure 
you first bQttom the bushing on 
the idler arm and then back off 
1 to 1-1/2 turns. Then bolt the * 
bracket to the frame. Next, you 
should see if you can tighten the 
bushings any more. Then install 
the grease fittings and lubricate 
the idler arm with a GA A -filled 
grease gun. , 



(6) Now that you have finished installing the idler arm, you still 
have one more task to do. You should check the toe-in of the wheels. If 
the toe-in was set with the loose idler arm, it will probably be wrong now. 
Toe-in adjustment procedures are covered in paragraph 4 of this lesson. 

g. Another linkage component you may have to replace is a tie rod?end. 
On the 1/4-ton truck M151, one worn tie rod end nlay be cause for an entire 
steering link to be replaced. Let's see how this is possible. 

(1) Let l s look at the f oldout 'of the 1/4-ton truck linkage once more. 
We can see that the steering linkage between the two front wheels consists 
of three major links. ^These links 'are the left and right tie rods (called 
spindle arm tie rods^(J) in the illustration) and the pitman arm-to-idler arm 
rod (B). Notice that the center link or pitman arm-to-idler arm rod is all, ^ 
one piece. It serves as mounting points for the idler arm and two tie^rods. 
If its one„tie rod end (ball joint) is worn, the entire rod must therefore be 
. replaced. » 



(2) The. left and right tie rods are 
ends and a sleeve. The tie rod «nds thread 
has left-hand threads and one has right- 
hand threads./ If the sleeve is turned in 
one direction, the tie rod assembly gets 
longer, When the sleeve is turned in the 
other direction, the tie rod assembly gets 
shorter. This feature is.used'to adjust 
the toe-in of the front w^eel^^as you vritfi^ 
see in paragraph 4 o$4his lesso^. Each 
sleeve also includes two clamps. They 
are used'to lock th^e sleeve threads to 
the tie rod end threads once the adjustment 
is completed. . „ . 



actually made up of two tie rod 
into the sleeve; One tie rod end 



/ 



TUlN DOWNWARD . w 
WCHAtt tOO LENGTH 



TURN UfWAtO 
TO -DECREASE 
tOO LENGTH 




TURN 
OOWNWAtO 
TO DECtEASE 
tOO LENGTH 



<9 



10T-MANO StHVI 

*TuitN UFWAtO TO 
INCtEA* tOO LENGTH 




uommuno sum 
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(3) The tie rod end stud is tapered or smaller on the outer end. It 
fits into a tapered hole. *The stud is held in place with a retaining nut. When 
the mlt is tight the tapered stud is wedged very tightly in the tapered hole. In 
fact, it is so tight that when the retaining nut is removed the stud is some- 
times hard to remove from the tapered hole. 



(4) There are various 
methods used to loosen the tapered 
tie- rod end sWT. These methods 
sometimes are different for each 
vehicle. One approved mtethod 
for the 1/4 -ton truck Ml 51, is to. 
first- remove-the-^retairaiig~mitr 
Then hook a puller over the part 
with the tapered hole. Turn the 
puller screw against the stud and 
push the stud out of the hole. » 
Then you are* ready to remove 
the tie rod end from the sleeve^ 



.SPINDLE 
ARM 




(5) To remove the tie rod end-from the sleeve, you must first 
lobsen the tw# clamps. Then'hold the sleeve to keep it from turning and 
sci;ew out the tie rod end. * . 

(6) When installing the replacement tie rod end, it is important 
that it is screwed into the sleeve the, right amount. It should be screwed in 
the same distance that*the tie i&d end on the other end of the sleeve is * 
screwed in. Then, when the sleeve i's turned to adjust the toe-in (see. para- 
graph 4 ^elow), both tie rod ends wi^ have the same amount of thread con- 
tact in the sleeve." Otherwise, one tie rod end.may be screwed almost out 
of the sleeve. You can lopk through the slot in jthe sleeve to determine the 
distance each tie rod &nd is screwed in. 

(7) Screw in the tie" rod end as explained above. - Next, install the 
tie rod end stud into the tapered hole'and install and tighten the retaining 
nut. Then install a cotter. pin through the stud and nut to make sure the nut 
does not work loose. - < 

\ 



V 



j 
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(8) Once this is done, -tighter), the sleeve clamp bolts for the time / 
being; then clieck the toe-in and make adjustments, if needed, as outlined in 
paragraph 4 below, c 

h. The 174-ton truck M151 has 
many tie rod ends that can give 
trouble. . They can all be removed 
using the above puller method. If 
this type puller is not available, ybu 
can possibly loosen the stud by strik- 
ing the part with the tapered hole with 
- a.- hammer. — Tiu^nirethod~woF^ 
with steering arms that -are rigidly 
mounted. Do riot hammer .oh th£ tie 
rod end itself ot you will damage it. 
A third tie rod end removal' method 
uses a wedge-type puller. The 
wedge* is driven betweeiTthe tie tod 
end and the part with the tapered 
' . 55c hole, such as the spindle arm. This 

tool is often called a tie <rod knocker. The wedge action pulls the tapered 
stud out of the tapered hole; however, the tool generally damages the dust 
• seal. The best .method -to -remove the tie rod. end is therefore the first 
method, providing that the'pullfer is available. 

4. FRONT-WHEEL, ALINEMENT.. Many adjustments are possible on the 
front wheels and a*ie of the 1/4-ton truck, Ml>51. Thg wheels can be tipped 
in and out at the bottom for a camber adjustment. They can be tipped for- 
ward or backward for a caster adjustment. Tjtey'can also be removed in or 
out in the rear of the wheels for a toe-hi adjustment. Most of these adjust- 
ments are made at support maintenance. Only the toe-in adjustment is made 
at organizational maintenance. During this lessoh we will leaxn how to adjust 
the toe-in. We will also learn where the caster and camber adjustments are 
located. Let's start with the toe-in adjustment. 

. s • » 

a. # Before the front wheel toe-in is checked (measured), yrfu should 
check the condition of some of the "components. . Let's see what components 
should be checked. 

(1) For example, the toe'-in gage will give an incorrect reading if ' 
a wheel is bent, so check both front wheels. Jack the ^heel up £md turn*it to 
see if it is straight. 

, (2). While you have the wheel jacked up, check the wheel beamings to 
make sure they are not loose. This can cau'se the toe-in to vary or change 
as the vehicle travels^klong. ' • /* 




J • • ' • » 

(3) Also, while you have the wheels jacked up, inspect the condition^ 
of the* steering linkage as- covered in paragraph 2 above. Replace any loose 
^inkage parts that are worn excessively as covered in paragraph 3 above. 

(4) Check the tire pressure in both front tires. The toe-Jn^g* 
"willtno't work properly with a° half-flat tire'. \ 

- (5) Look *for any loose parts in the front suspension. If. any loose- 
ness is found, the toe-in can be checked and adjusted if necessa ! rxLl_HPw:ever^-- 
ths caste^^^c^arnber^should^also be^heciced^lDy su^orTmaintenance 
personnel. , • 



b. Qnce^you are sure .the front suspension, wheels, and steering 
linkage are serviceable, you are ready to check the toe-in. It should'be 
done in the following manner: $ 



(1) Position the vehicle 
on smooth, level ground with the 
front wheels pointing straight 
ahead. Then install the toe-in* ~ 
gage between the front tires and 
ahead of the center of the wheels. 
Move the gage on»the tires until - 
the chains just touch the ground, 
as shown in the accompanying 
illustration. Then slide the gage 
pointer to zero. 





OftD E5535 
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(2) Next, carefully 
move the vehicle ahead slowly 
until the gage is behind the axle 
*and the chains again just touch 
the ground. The pointer on the 
gage will then indicate the 
amount of toe-in of the front 
wheels. The correct toe-in \ 
measurement for the 1/4-ton 
truck M151 should be from 1/32 
to 5/32 inch. If the measurement 
does not fall in this range, the 
tie rods must be adjusted. ' I 
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(3) Let ! § say when the toe-\in was'measur ed.it was found to be 1/2 / 
inch or too much toe-in. To correct the toe-in, froth tie rods must be 
shortened. This will pull the rear of the front wheels closer together and 
make the toe-in less. One tie rod can be shortened and do the same job. 
However, 'the high point in the* steering may be in the wrong place when you 
finish. You will see how this is true later in the lesson. 




. (4)_Jier^AS_Jaow you shorten 
orTengthen the tie rods. You. must 
first loosen the clamp bolts and nuts 
on the cyiijusting sleeves. Then you 
must turn the sleeves. You must 
remember that each sleeve h<gp left- 
hand threads in one end and right- 
hand threads in the other end. If it 
vs turned in one direction the threads 
will pull the tie rod ends closer to- 
gether. If 4t is turned in the other 
Erection the threads will push the 
tie rod ends farther apart. The ♦ 
sleeve and tie rod ends therefore 
act^like a turn buckle. 



(5) There is a trick in turning the sleeve. The sleeve is split 
from one end to the other end. If a pipe wrench or channel-lock pliers are 
used, they must be positioned on the sieeve properly. The tool should be 
hooked on the sleeve so that it opens the split or .gap. This will make the 
sleeve turn easily/ Notice in tiie accompanying illustration that* the jvrench 
can also be positioned on the ^feve wrong so that it closes the gap. 



The 



slereve will then be tightened as you try to turn the sleeve. 



SLEEVE 
TIE ROD 




SLEEVE 
TIE ROD 




\ (6)' To adjust the toe-in, turn the sleeve on each tie rod an equal 
amoun^ Then measure the toe-in again. If it is not between 1/3*2 and 5/32 

ii^ih, change each sleeve an equal amount and recheck the toe in. Do not. - — 

forget to zero the gage each time it is moved Jtoihe- £r-entrof~the~ wheels. Once 
the toe-in is c^rject^JightenHrhB^lam^bolts <m each sleeve. 

— — ' ' . v ^ r 

c. The tie rod adjusting sleeves are also used to center the steering. 
When this adjustment is made, .both sleeves are again turned an equal amount; 
however, they are turned in opposite directions. Let's go oyer this adjustment 
and see how jt's done. 

(1) Drive the vehicle straight afcead ahd notice the position of the 
steering wheel spokes. One spoke 'should be pointed d<*m. If not, the tie 
'rods must be adjusted. 



(2) Make suye you turn each tie rod an equal apiount. If 
turn them equally, you will change the toe-in of the front wheels. 



}u do not 



(3) >Let' s say when you road tested the vehicle, the lower spoke of 
the steering wheel was not straight down. It was a little to the .right. Notice 
in th§ illustration the instructions on how to correct this problem? — You 
must shorten the left-hand (LH) tie rod and lengthen the right-hand (RH) tie 
rod. If the spoke is to the left of straight down, you must lengthen the left- 
hand tie rod and shorten the right-hand tie rod. / « 



j LENGTHEN LH. ROD TO INCREASE TOE-IN 
SHORTEN R^i ROD TO DECREASE TOE-IN 



SHORTEN LH. ROD tO 
DECREASE TOE-IN ' 
LENGTHEN R.H. ROD . 
TO INCREASE TOE-IN 



ADJUST BOTH RODS EQUALLY TO MAINTAIN .« 

SPOKE POSITION ORD E10106 




(4) ' It is important that the steering spoke points "straight down. 
Otherwise, the steering worm and roller will not b$ pn the high point when 
the frfont wheels are pointing straight ahead. This would' allow too much 
slack or play in the steering system. ^ 
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d. As indicated earlier in the lesson, caster and camber adjustment* 
-are tftade at support, maintenance.^ Just in case you might sometime be work- 
ing. at this level, ^re will cover the adjustment locations. 

* ' * 

„ (1) The front -wheel caster is changed by tilting the lower part of 
the front suspension. If more negative caster is needed, the Bottom of the 
wheel is tilted to the jea'f. If more positive caster is needed, the bottom of 
the Vheel is tilted forward. 




(2) Caster is changed by 
increasing or decreasing a shim pack, 
thickness. ^The shim packs are used 
at two main points -on each side of 

* the vehicle. The shims -are located 
between titye low^r suspension arm^ 

iiin er shaft a n d the frdnt crossmem- 

ber. Notice in the accompanying 
illustration that there'are three shim 
packs. There are two shim packs at 

one ppint and-one shim pack at the - 

'other point. The two-smm pack 
point is toward the front \f the 

c vehicle (kbove the repairiran's hand). 
To change the caster, .increase the 
shims at one point; then decrease the 
shims at the other point the same 
amount; 



i % 

P) Camber is adjusted using th^ same shims. If 'more positive 
'camber is»needed, equal amount of shims is added at each point. If more - 
negative camber is needed, teiqual amount of shims^is removed at each point. 
By changing an equal 'amount of shims, the caster.will not be changed.. ' 

(4) When the casteAor camber of the front axle is changed, the 
toe-in will also be -changed. This n>eans the* toe-in will have to be checked 
and probably adjusted after adjusting the caster and camber/ 

(5) The location and purpose of the 'caster-camber adjusting shims 
have been explained above. This is only part of the information covering 
caster and camber adjustments. Should you eventually be*assigned at sup- 
port maintenance, you must learn«more about these adjustments. However, 
the information in this lesson should help you" when you get to support mainte- 
nance. . X 
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e. / This pretty well covers the 1/4-ton truck Ml 51 steering linkage 
maintenance. Now let's see what should be done on tha 2-1 /2-ton >truck 
steering linkage. > | 

SECTION H. 2-1/2-TON TRUCK 

5. INSPECTION, Like the 1/4-ton truck, inspection is also very import 
tant on the 2-1/2-ton truck. The steering linkage is'not the same on the 
two vehicles; Therefore, let's see what makes up the 2-1/2-ton truck 
steering* linkage such as used on the M35A2 cai'go truck. 

a. Startingjat the steering gear, the linkage consists of the pitman / 
a,rm, & drag link, one tie rod, and one steering arm. This steering arm 
is actually part of th<> front axle.' The tie rod connects tothe front :axle at 
the^ steering knuckle. Let's take these pa*ts onfelry pne and see how they 
^should be inspected. * * 




(1) . The pitman arm is similar to the Ml 51 (1/4-ton truck) pitman /JP^£ 
arm. Inspection procedures are the same. Look for cracks in the metal. 

Make sure it is tight on the pitmaCfr arm' shaft. While you are this close to 

the steering gear, make sure the steering gear mounting bolts are tight. h 

(2) Once you are sure the pitman arm is serviceable, inspect thg 
condition of the drag link. Have some one "rock" the steering wheel w 

. the front wheels on the ground. There should be very little, "jijaayfmove- 
ment in the ball sockets at either the pitman arm or *tlj£e£*€ering aojprf/ If 

. yon see any movement at the ball sockets, ^thej^^tmng to do' is check the 
adjustments; , Adjustment of the dra^^ak^^covered in paragraph 6 of this 

i/^Iesson. Make sure the dra^^^rf^s cotter pins in both ends. The cotter 
pins prevent the adjjo^tel^S^plugs'from turning. * 




(3) The drag link connects the pitfrian arm to a steering arm. 
*j The steering arm is part of the left steering knuckle of the front axle. The 
« ball .joint that connects the drag link to^the steering arm should bp inspected.; 

It6 tapered stud is held in the steering arm by a nut whi,ch can jvork°loose. 
. Your should also inspect the steering arm: where it mounts on the steering 
knuckle. It. is secured to the steering knuckle with four studs and nuts. 
Make sure these nuts are tight. A word of caution! If the nuts are found 
loose, jack ujS both frjont wheels after the nuts are tightened.' Then turn the 
steering kmrckle 'back aanld forth to make sure.it turns without a bind. If the 
stejexing^lc^uckle turns with a bind, notify your support maintenance. unit. 

% (4) The front wheels are tied together with one tie rod. The tie 
rjuLis^fonnected to each steering knuckle by a tie rod^e^d. Make St thorough 

^inspection o/the tie rod. Make sure it is*not4>ent. Inspect the tie rodrends 
for looseners in the ball sockets.^ Use^tlfe same procedures used for the 1/4- 
ton truck to check for loosenes^s. Make sure the tie'rod ends c are'tight where 
they motiht in thejsteering knuckles. Make sure*both cotter pins are in place 
ih the. ti^jpod .retaining nuts. Check the clamps on each end of the tie rqji 

^^djxritable sleeve. Make sure the baits are tigjtf.'. Abovfe all^ rriake sure- 
there are no cracks or breaks in the metSil parts; Check the dust keals on 
-each tie 'rod- and make suxe they^ar^'riot cracked or missing. Replace any 
massing parts. ,If the:aj&justa:b^fcl$,eve4s 'found loose, the toe-in must be 
cbecke^ as outlinfed'in para^a^te. i ^^fcfiow. ; 9 4 ^ 
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BALL 
SEAT 



UNSERVICEABLE 
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— BALL 



SERVICEABLE 



b.. ~4fc all parts look 
operational, turn the' steer- 
ing whefl over its entire . 
travel' to check fo'r binding. ^ 
If the drag' link was adjusted 1 * ' 
during. inspection, procedures 
this check can be very im- « * 
pdrtant. If the stewing 
ttfrjis easily in the center 
but binds on each side of 
the center, 'you may have*' • ^ 
to replace some parts,. This 
'binding kfttr drag link adjust- 



ment indicates worn parts 
in the ball socket, if you 
look at the accompanying . 
1 sockets (drag Ijfnk joints). 

The round ball can turn 



in 



illCstratioiuyou ^ill see^two drawirigs of bill 
Noticfe tha{ the serviceable one has a round ball 

easily between the b^ll seats when*the steering, wheel is turned. The ball 
the -unserviceable joint is wor^ |jccessively. Itds not round. Once the drag 
link is adjusted, the ball and seats will be too tight o when: the steering wheel 
is, turned away from its cente'r position. TI*e only cure fos, this'^rdblem is 
to replace some parts. * Let's find out wKat parts are repla^d and how it's 
ddne. We will cover the eh^irje steering linkage. 

6. • -COMPONENT REPAIR AND REPLACEMENT. Once ydu learn how to 
* repair ihe 1/4-ton tryc)? steering ^linkage, you should have little trouble with 
the 2-1/2-ton truck/ The stelering linkage on the^2-l/2-toh M34- and M35- 
series trucks' Ws less parts.] There are only two ti^ rod ends, whereas the 
1 /4-ton truck has fiye. v ^JThe2-l/2-ton does have the two adjustable drag link 1 
joints as indicated in theabove paragraph. J Let's start withthes* miflt*-*nH 
see f|rst how they are adjusted^ 



Let's start witl^th'ese joints "a5i<^ 

. i*^w, nicy cll c aujuyiC(4.»i 

\ 

* a*, It is important that tljte/dfag iitfjc joints are" adjusted, wh^n tjle wheels 
are pointing straight ahead. Jhis is where most bf the wear will take pl^ce. 



Make sure^the joints, are lubricated before the adjustment is made, 
follow ttfeSe steps to make the adjustment. 



Tfien 



(1) Rerribve the cotter pin in one end of Ihe drag link. Then turn the 
adjusting* plug to the right (clockwise) until the plug bottoms. This means " 
until the plug stops turning in. Do not try to force the plug to make it tighter. 




_ COTTER PIN . 
ADJUSTING PLUG i 
SAFETY PLUG y 
SPRING \ 




OR0E21668 



' (2) Once the plug bottoms, 4 turn it back until the first or second 
cotter pin hole in the tube alines with the slot in th^ plug. Do not turn back 
more than 1/2 turn; then install a new cotter pin. 'This adjusts the ball 
socket spring tension. t 

(3) Do not adjust the ball joint on the other end of the drag link yet. 
Jack up both front wheels so that there is np friction between the tires and the 
ground. Then turn the steering wheel to : make sure there is no bind on either 
side of the center point due to a worn flat ball. This was cover.edin'para- . 
graph 5 above. % . 4j 

4 

(4) If there is no bind on either side of the high point,- adjust the 
ball joint on the other end of the drag link. Use the sa,me method used on the 
first joint. Once the adjustments made, turn the steering-wheel and check' 
again for a bind. If there is, no bind the drag link is adjusted and serviceable. 

b. Let's say once you adjusted the drag link balf ^ocjcet spring tension, . 
£the stefering was tight on each sifle of the ceriter of its travel. You disassembled 
the joint on one end and found the ball flat oir each side next to the ball seats. 
What should be repaired or replaced? * * 

f (1) None of the parts should be repaired;, however, some should be 1 

replaced. Which parts are replaced depends on which end of the drag link the 
flat ball is found. ^ * v . -Y 
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(2) .If the Hat ball is found at t^- forward 
ball socket, the pitman arm-must be replaced. If 
the flat ball is found at the rear baU socket, 4 the » 
ball an£ stud must be Replaced. The ball^and stud 
at the rear of the drag link can be removed from 
the steering arm. Therefore, the steering arm 
does not have to be replaced due to the worn ball 
stud. %efgardless of Which ball is worn, the ball 
seats in the same ball socket should also be re- 
placed. ,They are part of a kit. The Kit includes 
all the^insi departs ^ofjsach end of the drag link as 
shown in the accompanying illustration. 




1— AHiusting plug 

2— Bafi seat 

3— Spring 

4— Safety plug 

5— Cotter pin 



/// 



^ (3) Make fare that when you'install the 4rag link parts y<5u lubricate 
them with GAA -(grease, automotive and artillery), 

r f 

c. If the pitman arm has to be replaced, you should follow these 
procedures: 




(1) First, remove-'tfKe - 
nut holding the pitman arm on 
the pitman arm shaft, 'Then, 
using- a puller/ pull the arm off 
the pitman^arm shaft. e . 



(2) Next, remove the ball socket parts on the pitman arm end of the 
drag link. Then remove the,pit$nan-arm from the drag link. 



* » 
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, (3) Once the pitman <irn>is removed, inspect the threads and.., 
splines on the pitman arm shaft. If the threads or splines are not service- 
able, the steering gear assembly must be replaced. If the pitman arm sjhaft 
has no nicks, burs, or other damage and is serviceable, you should prep4?e 
to install the replacement pitman arm. 





■i 



+^ ;;>' fARM SHAFT 



(4) The steering gear must be positioned properly before the 
pitman arm is installed. To do this, turn the steering wheel to the center 
•of its travel or rnidposition. You should remember from a previous lesson 
that the rnidposition is also called the high point?- Once the steering is on 
the high point, install the pitman &rm. When prpperly installed, the pitman 
arm ball should be directly belj3w the pitman arm shaft. In other words, the 
arm should hang straight down. - 

(By Next, install the drag link and adjust the ball socket spring 
tension as previously outlined in this lesson. 1 ' ' 

J" (6) "The front wheels should be pointing straight ahead when the 
steering is on the high, point. If the wheels are not straight ahead the pitman 
arm could be installed wrong. If the pitman arm is installed properly, check 
ethe drag link and the pitman arm. If either is bent, the steering will not be 
on high point when the wheels are straight ahead. v • 
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d. As indicated earlier, the 2-l'/2-ton truck uses one tie rod. /The tie 
rod has two tie rod erids - one on each end of the tie rod. The center section 
of the tube type (hollaw) tie rod is threaded in each end. ,One end'has left- 
hand threads and the other end has right-hand threads. " The entire center " 
section of the tie rod therefore acts as a toe-in adjusting sleeve. ~tt has -the 
same function as the short adjusting sleeve' on the 1/4-ton truck M151. The 
2-1/2-ton sleeve is split on each end so that the sleeve can be clamped to " 
the tie rod end. It is not split from end, to end,like the '1/4-ton truck'sleeve.- 
The tie rod or tie rod ends are Replaced using the„exacttsame procedures 
used on the 1/4 -ton truck. • m . 

■ t ■ 

e. You should "now see that repair and replacement of the 2-1/2-ton 
steering linkage are similar to the 1/4-ton truck. Next, let's see what can 
be. done to aline the front wheels on this truck. 

7. FRONT-WHEEL ALINEMENT, .Alinement of the front wheels on the ' 
2 -1/2 -ton- truck is limited to one adjustment, toe-in. Due to the, front-wheel- 
drive, caster arid/ camber are built into the axle. There is, therefore, no 
adjustment made to paster or 'camber by any maintenance personnel. The 
toe-ih adjustment can be made at organizational maintenance level, so let's 
go. over the procedures. * 

a. Like' the 1/4-ton truck and any other wheeled vehicle, check the 
steering system condition before the toe-in is checked. 

^(1) Check the wheel bearings, steering knuckles, and tie rod ends 
for excessive play. If the steering knuckles are loose on the axle housing, 
.notify your support maintenance unit. If the wheel bearings are loose, adjust 
the bearings to remove the play. If any looseness is found In the tie rod ends, 
replace the tie rod end. Don't forget to check the tire pressure so that the * 
toe-in gage wiH work right. , 

» 0 
• i \ 

(2) If all steering parts are serviceable, you are ready to chpck 
or measure the toe-in. Ypu can use the same type gage used on the 1/4-toh 
truck to measure the toe-in. Make sure the wheels are straight ahead before 
you install the gage. Position* it in front of the wheels and zero the gage*' 
Then move the gage to the rear of the wheels and take a* reading on the gage. 

(3) ' The toe-in for M34-series 2-1/2-ton trucks with single r^ear 
wheels should be between 1/16 and 1/8 inch. Thfe toe-in for> M35,-se*ies 2-1 /2- 
ton trucks with dual wheels* should be between 1/16 and 3/16 iiich. U the toe- 
in is incorrect, unlock both ends of the tie rod or adjustable sleeve at the tie 
rod ends. Then turn the center section of the tie rod to lengthen or s'horten, 
the tie rod; ^his is the same basic procedure used, on the 1/4-ton truck. 



(4) The 2-1/2 -ton truck has only one tie rod. 'This means the tie 
rod adjustmept^annot be, used to center the steering 4 wheel. You learned in 
an earlier lesson that' the steering wheel can-be mounted iij many positions. 
This featuresis used' to center the steering wheel on the 2-1/2 -ton truck. 



b. If a toe-in gage is not available, you can measure the toe-in by c 
using another method. This method is sometimes even more accurate than 
the first method/* Let's see hayr it's done. 



(1) Jack up the front wheels, one at a time, until th^y £lear *the 
floor or -ground. Hold a pencil against the center of thfe tire* tread. Make 
sure the^pencil does Aot mpve to ^ither side, ansl then turn the wheel by hand. 



(2) Continue turning the wheel until the pencil line/is made around 
the entire tire. If the penciMs helcl as it should be, the lines. wall meet when 
the whe^l is -turned completely around. Make Sure you mark or scribe both 
tires in this ^hanner. 



(3) Ne^t, make sure the wheels are pointing straight ahead and then 
release arid remt>y # fi_tkfi4 ac k. * , * 



(4) Now all that has to be 
done is to measure the distance be- 
tween the pencil lines with a tape 
measure. Start at the front of the 
wheels and measure the distance 
(F in the accompanying illusrtratioi?). 
The measurement should be taken 
about halfway up the tire or on a 
line with the housing axle. * 




TIE ROD 




E MINUS F -'TOE-IN 
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^ (5) Then move to the rear 'of the wheels and measure the pencil 

lines (E in the illustration above). . Make sure the measurement is taken at 
the same height (on a line^w&ih the axle housing). This measurement at 
the rear of the wheels should be 1 / f 6 to 1/8 inch greater than the front 
measurement for M34-se'ries 2-1/2-ton trucks. It-should be between 1/16 
to 3/16 inch greater for M35-series 2 -L/2 -ton trucks". , ; . N : 

»(6) :For example, let's say you are checking the ^pe-in.on.a. 2 7 l/2- 
Ton truck M35A2. This is one of the M35-setfies trucks. The measurement 
taken in front of the wheels is found to be 72 inches. This means thfe meas- 
urement taken at the rfear of the wheels should be between 72-1/16 inches 
and 72-3/16 inches. v For this example, we will say the pencil lines at the 
rear of, the wiheels were.72-l/§ inches apart. The front wheels, therefore, 
have ^2-1/8'minus 72 or 1/8 inch toe-in. According to the toe-ip speciftca-* 
tions (1/16 to 3/16 inch)* this toe-in is satisfactory. * s * 
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(7) This method of measuring toe-in is more accurate than the first 
method if a wheel is bent. This >s p because the pencil line you make is straight 
even if the wheel is bent. v t A 



- ( 8 ) If you have trouble seeing the pencil line on some tires, there, 
as a way to help this problem. *Hold white chalk against the same area on- 
the tire. Turn the wheel by hand and ^hiten this area of the tire. Then hold 
the pencil in the same area and inake the pencil line. It will be easy to see 
using this method. 

' ' ( 

^ c: This last method* of measuring toe-in can be used on mAny wheeled 
vehicles. To get the most accurate measurement, the lines should aWays. 
be measured at about half the height of the tires. This p 9 int, as indicated' 
above, is on a line with the axle housing or center of the wheel hub. 
* « 

d. The 2-1/2-ton trucks havejjuite a bit more working clearance under 
the vehicle than the 1/4-ton trucksT This additional room helps when you are 
inspecting, repairing, adjusting, , or replacing steering linkage components. • 

„ SECTION IH. 5 -TON TRUCKS 

f , v " 

8. GENERAL.^ Some of the S'-ton truck steering linkage is similar to the - 
steering linkage used on the 2-1/2 -ton truck. Therefore, only the difference' 
widl be covered in this part of the lesson. Let's first take a look at the 5-ton 
linkage and see how it-differs. 

a. The steering gear on the 5-ton truck is mo % unted on the left frame 
rail just like the 2-1 /2 -ton. The 5-ton truck steering 'gear, however, is 
mounted farther ba'ck on the frame fail. Due to this mounting location, more 
linkage is needed to connect r the steering gear to the front, wheels! 

b. The major difference in the 
5 -ton and 2-1/2 -ton truck steering 
linkage is the drag links. Jf you loolj 
at the accompanying illustration you 
can,see how the drag'links look. 
Notice that there are two drag lin£s - 
an upper, one and a lower one. The 
upper drag link connects the steering ' 
gear pitman arm to the rejLay iever. t 
The relay lever, has- two ball-type 
connecjtions. The upper drag link con- 
nects to the upper ball. One end of the 
lower drag link connects to the lowei* 
ball* on ther relay 'lever. The other 
end of the lowef drag link ^onnects to 
the steering arm on the axle. 



\ 
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c. The steering gear on the, 5-ton truck is power assisted* You learned 
in an earlier lesson that it is called tfower steering. The power steering unit 
has a pitman arm like the mechanicalrsteering gear. When the front wheels 
are straight ahead, the pitman arm* points about straight up. If you look at 
the illustration in the above paragraph you cfin see how the upper drag link is 
angled. This is necessary to connect to the top-mounted pitman arm. 

d. The rest of the steering* linkage is basically the same as the 2-1/2- 
ton truck steering linkage. The tie rod ends, however, are different. On the 
5-ton truc& t the tie rod ends can be disassembled and separate parts replaced, : 

t 

e. We hetve just learned howto maintain the 2-1 /2 -ton. truck steering* 
linkage. Now Iet ! s learn the maintenance procedures on the 5-ton truc,k 
steering linkage parts that are different than the 2-f/2-ton linkage. Let's 
start witli inspection procedures. *^ * 

9. INSPECTION. Make a visual inspection of all steering linkage parts. 
Make sure none of the .parts are missing, bent, or broken. Use the same 
inspection procedures used orKthe 1/4-ton and 2-1/2-ton truck steering 
linkages. Make sujre you also check for loose mounting bolts on the power 
steering unit and the relay lever bracket. / 

10. COMPONENT REPAIR AND REPLACEMENT. Let's learn how to repair 
or replace any parts that differ from the 2-1 /2-ton trAick. ■ We will start wit^K 
t'he pitman arm, . , , . * 



a. The 5-ton truck pitman arm has tjie same job and is mounted basically 
the same as the 2-1/2-ton truck." * The main difference is that it is mounted • 
pointing up rather than pointing down like the 2-l/2 7 ton truck; 

* * 

(1) There is no repair to the pitman arrQ; however, it can be replaced. 
The-upper drag link is connected to the pitman arrrf ball with an Adjustable ball ' 
socket. It is removed following the procedures used -on the '2r-l /2-toft truck 
drag, link. 

•i '< ' ' / ' . , 

• (2) The pitmkn artn 'is also rembved'from the pitman ar¥ri shaft in 

the same manner as used on the 2-1/2-ton truck arm. a Make ,sure the <puller 

is attached properly before the puller screw is tightened. 

(3) Like the 2 -1 /2 *-ton truck, the steering must be positioned right 
^"before the pitman arm is installed." The steering wheel must be in the center 
of its travel. The front wheels must also be straight ahead if the drag link is . 
already attached to the pitman arm as outlined in the following paragraph. 



5-28 



ERIC 



199 



t : 



'(4) First, connect the replacement pitman arm to the rear end of ' 
the upper drag link. The .adjustment on the ball socket is slightly different 
than the 2 -1/2 -ton truck. Tighten the adjusting plug until it stopsT. Then 
back it up until the slots, aline with the first cotter pin hole in 'the tube. 
Make sure. you install a new cotter pin. 

(5) Next, with the front wheels still straight ahead and the steering 
wheel centered,^ install the pitman arm. on the pitman arm shaft. It should 
be pointing upward when the front wheels, are straight ahead. Make sure you 
tighten the nut securely.. ' ' 

c -\ 6 v 

■ b. The drag links are both removed and installed in the same manner.' 
There is one precaution; The drag links can be installed with either end^o 
• the front of the truck. One way is right and o*e way is wrong. If you look 
at the drag links you will find that the ball stud opening on one end is farther 
from the end of that drag link end. Both/ball stud holes are therefore not 
equal distances frQm the drag^link ends. 



.>i 

(1) , To install the upper drag link properly, the end with- the ball 
stud hole closer to it connects to the relay lever. The end with the ball 
stud hole farther from the end connects to the pitman arm. 

#i. ' ' ■ 

(2) To install the lower drag link properly^ the end with the ball 
stud closer to it connects to the steering arm on the'front axle. The end with 1 
the ball stud hole farther from it connects to the relay lever.- -You can see 

.an example of the difference in location of ball stud holes in the accompanying 
.illustration, . . ' " 




- d. * The relay lever was not included in the 2-1/2-ton steering linkage, 
so let f s Jtake a look at it. % \ 



BUSHING, RELAY LEVER 
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(1) The relay lever and 
bracket are mounted on the frame 
forward Of the steering-gear. This 
is about the same location as the 
.steering gear on the 2-il/2-ton truck. 
The r.elay lever is mounted on a pin. 
The lever has bushings end seals 
pressed-into $ach side of the lever. 
The. bushings/act as bearings between 
the lev^er and^the pin. If the bushings 
become worn, the lever will tendto 
twist in the bracket as the steering 
wheel is turned back and forth. Worn 
-bashings mean the cover must^be 
replaced. v 



(2) To replace the lever, disconnect both drag links at the relay 
.lever ball studs. Then remove the lubrication (grease) fitting from the end 
of the*pin. v - 




(3) Next, thread a 3/8-inch National fine (NF) thread cagscrew i 
the grease fitting hole threads FINGER TIGHT. Do not tighten with a wrench 
or -the threads will be damaged^ ' 

'Pin Capscrcw 

1 ,L ■' • 



Then remove the tie bolt and j 
nut that clamp the bracket to 
the pii^ Hold the relay lever 
and pull'the pin from the bracket 
by pulling on the capscrew. 



— X/ 

Groove 



Tic bolt 




(4) Inspect the 
pin. If it is worn where 
the bushings ride, Replace 
the pin. 



^Bracket 
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• (5*) Before the relay lever is replaced, lubricate, the bushings 
seals with GAA {grease, automotive and artillery). -Then hold the'relay 
lever in place in the bracket and install the pin. When installing the pyiy 
maKe. sure that the groove across the pin is on the bottom. Whdn the pin ig 
t properly in place, the tie bolt will fit itfthe groove. 

^ • • 

' (6) Once the pin is in'place, install the,tie Volt and'nut Then 
install the upper drag link on the upper ball stud/ Install the lower drag link 
on the lower ball stud. Adjust the ball socket as- outlined earlier in this 
lesson. 

• ' N ■ ' *.'>:♦ 

. , *(7) Remove the temporarily installed- putter capscrew and install 
the grease fitting. Lubricate the pin and bushings with GAA. * ' 

\ A ■ » 

e. The tie rod enV on the 5-ton truck can be repaired. This is not 
possible on the 1/4-ton »E-l/2-tqp1trutks. The 5-ton truck tie rod ends 
are normally only replaced at organizational maintenance'and repaired at a . 
support maintenance shop. Just in case you are- assigned, at a support main- 
tenance ghop sometime, let's see what the inside of the tie rod end looks 
like.- f j 

(1) You can see an exploded view of the 5-ton truck'tie rod end in" 
the accompanying illustration. Notice that.the stud (G) rides in a bearing (F) 
The stud is held tight in the bearing by a spring (C) and spring seat (£>).' The 
tie rod end inner parts are held in place by a snapring (A) and end plug (B). 
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(2) The parts needed for this* tie rod ertd come in'a repair kit* If /9fr 
you are>eventually assigned at support maintenance, you may be required to 
repair a tie rod end. , ^ 

f~y (3) While assigned at organizational mainteriance level' you will 
Replace the entire tie rod end, You should notice the vko bolts (capsCrews, 
R). in the illustration on page 29- They are used to'clampvthe tie rod end onto 
the tie rod'. If you remember the 1/4-ton truck tie rod, the tie rod sleeve 
clamped onto the tie rod end. Keeping this in mind^r€plac^ment of^ie tie 
.rod end is otherwise th$ same as the 1/4-ton truck. Once a tie rod end is 
replaced, the toe-in must be measured an<J adjusted, if neces^ry.1 Toe-in 
is covered in the following paragraph. 

\ 

11. FROI^T WHEEL ALTNEMENT. Due to the construction of Jhe 5-ton(truck 
front axle, toe-in is the only alinement that can be>adjusted. This, you 
learned, was also true with the *2 - 1 /2 -ton truck. Toe-in adjustment is made 
using either of the same methods used on the 2-1 /2- ton truck. When adjusted 
correctly, $he 5-<ton truck front wheels should be toed-in between 1/16 and 3/16 
inch. Like the 2 -1/2 -ton truck, ' the. tie rod is turned *to make the adjustment. 

SECTION IV. TROUBLESHOOTING STEERING^SYSTEMS 

12. ' GENERAL. During this subcourse you have learned how both mechanical 
and power steerings wbrk. You have also learned how to maintain the steer - 

K ingJinkage and how to maintain sorpe steering gears. Steering systems, like 
, other mechanical systems, can develop some pro^lerfs or troubles. As a m 
wheeled vehicle mechanic you will be working with some of these troubles. 
You must first find what.is causing the trouble. Then ycnu adjust, repair, 
replace, or do whatever it ta^ces to correct the trouble. This maintenance 
action, as you have already learned, is called troubleshooting. # In an , 
ear lief lesson you learned of some unwanted steering factors that affected 
steering. Let's see how some of those factors affect the entire mechanical 

steering systems of wheeled vehicles. 

- » * • 

13. HARD STEERING. Let's say that during a roa$ test of a 2- 1/2 -ton truck, 
you find it'hard to steer. The steering wheel is hard to turn or seems to 

bind* * 

j 

a. " f Th£ first step in, locating this trouble is a visual inspection. Make 
sure all parts are in place. Make sure the steering linkage is not bent. Make 
sure the tir^ pressure is npt low. 

b. Don ! t overlook the" possibility of the lack of lubrication. Check the 
lubricant level in the steering gear and the front axle. Lubricate all steer- 
ing linkage ^points to include the 9teering knuckles. * Then try the steering 
to see if the lubrication helped it. Another cause of hard* or* binding steering 

-5-32 



203 



v * \ ■ 

is a misaljned steering housing and jacket. A good way to' inspector this ^7 
<*dndition is to loosen the ^ou^ting Bblts and then retighten them. This allows 
the steering assembly to aline itself. " " 1 % > 



c. If the trouble still exists^* th<> next best step is to' find out .if it ije in > 
the steering gear or th'e linkage and steering knuckles (pivots). Qn t^e 2-1/2- 
ton and 5-ton trucks, .this can be done'by first disconnecting the steering gear 
from the drag link at the pitman arm. On the 1/4-tontruck, disconnect it at 
the pitman artn and tKe rod between the pitrnan a'rm and the idler arm. 
* • 

(1) Next, turn the steering wheel to see if it still' turns hard. If it 
does, thd trauble is some place in the steering gear.. It can't be in the linkage 
or steering knuckles (pivots)'b€cause they are dis coveted. "0 

(2) last's say that on a 2-1/2-ton truck the .steering, wheel turned 
free w\th the linkage disconnected. * The trouble must be somewhere in the - 
linkage or steering knuckles. Do hot sta*t removing parts yet, Find out '. 
where the trouble- lies. 

, * • - » 

(3) 'Make sure the rear end of,the ^rig link is free on the steering 
'arm ball.- If it is,» disconnect one tie r<?d encb Theft jack up both front 
. whfeels. Tryturning each wheel back and forth as it w<U}d move when the 

steering wheel is turned. If pne wheel turns or swings hard," the steering \ 
knuckle is*probably binding. This is a~jofcrfor your support maintenance 
unit. » ' i . *~ „ *• 



< .(4) If hoth steering knuckles are free, check the tie rod^nds to.; 
make sure the ball studs can be turped-in *their sockets. 



\ 



d. 'By using 'this step-by-step rtiethod to check for the hardjsteering, 
you vyill'not do more ^ork than is necessary to locate the trouble. If*the/ 
trouble is 1 in. the steering gear>it can possibly be adjusted to correct the 
trouble. Yotf-ar.e authorized to adjust the 2-1/2-ton truck steering gear at 
/organizational level. If adjustment does not help, the steering must^e 
replaced*. ' ' . V k m • 

\ 

14. TRUCK PULLS TO ONE SIDE. • Let's say- afi operator complains that 
his 1/4-ton truck Ml Sills pulling to the right. There'are many possibly 
causes for-this.problfem. Some causey can be corrected easily.. Other, 
causes require a lot of wprl^ The mechanic generally starts with the 
more probable causes first; This' is especially true if the more probable 
cause is .easy to correct. For exarrfple, a bent frame or frame/body com- 
bination (M151) can make a vehicle pulL to one side. A low tire can also 
make a Vehicle pull to one side. There ^is little doubt that the mechanic 
would firSt look for a low tire. *Let's go over some of the pbssible causes 
a^d correctiye actions for this trouble - pulling to one side. 

■ ■ . . - . vx 
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a. Have you ever experienced a tire slowly going flat while you are " c 
driving along-? In fact, the reason you suspected you had a low tire is that 
the vehicle started pulling to one side* Check the tire pressure of all the 
tires on a vehicle ^that pulls to one side. Make sure the vehicle is loaded 
correctly. 'This can also cause the vehicle to pull in one direction. 

b. Check for loose or missing parts. On the 1/4-ton truck M151 the 
shims could have fallen out of the front suspension. If you find this condition, 
notify your support maintenance unit. When the shims fall out, the front end 
or wheel alinement can change enough to cause the vehicle to pull to oi?e side. 

(1) Any parts in a front axle that shift or move can cause this pulling 
condition. For example? on a 2-l/2--^on truck, if the front axle U-bolts come 

loose, the axle can shear off the sprtog center bolt head. This allows the 
axle to slide, generally to the rear. U the spring is not mounted properly on 
the axle, the vehicle will generally pull to one side. 

(2) Sometimes if parts are loose, the vehicle will pull first to one 
side and then to the other side. This condition is generally referred to as ^~ 
erratic steering or loose steering rather than pulling to one side. 

\- 

■ c. If a vehicle pulls to one side, don't forget about lubrication. If the 
steering parts are binding due to lack of lubrication, the front wheels may 
hang Up pointing to one side of the center. This would have a pulling effect 
on the vehicle. 

d. Don't forget to look for bent parts or parts that are adjusted too * 
tigh'f^&his will also cause a pulling condition. Bent parts include the entire 
f^ont axle housing. 

A "> . * 

el Dragging brakes or binding wheel bearings can also cause a vehicle 

to pvfflt to one side. You can jack up one wheel at a time to check for this 

trouble. - - * a 

15. ERRATIC ^STJSERfNG. Earlier in this subcourse you learned that steer- 
ing could develop a number of troubles,. For example, it could work as it 
should on smooth, level road; however, when the road is banked to the right 
the vehicle pulls to the right. Where the road banks to the left, the vehicle 
pulls to the left. When these conditions exist, we*say the steering is erratic. 
If something is erratic it does not continue to do* the same thing.- It doeg 
first oi>e thing and then another'. . 

. » 

a. Erratic steering can be due to loose parts. The loose parts prevent 
the operator from having full control at all times. ^ For this reason loose 
steering and erratic steering often have the same c^uajes. ' 
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b. Another cause for 'erratic steering is incorrect front-wheel aline-/^9 
mept. This rs especially tr^tie, on the 1/4-ton truck with adjustable caster 
and camtjer. If nothing velse cin be found causing the erratic steering^ 
notify your suppo'rt maintenance unit of the trouble. They are authorized 
to check and adjust the 'front-wheel alinement. 

i . ^ 

* c. If th^ vehicle is loaded, make sure that the load is not moving about. 
This will cduse a very definite erratic steering condition. 

< 

d. Erratic steering is sometimes referred to as wandering, because ' 
the symptoms are basically the same for both problems. • 

16. SHIMMY. This is one of*the most common problems found in wheeiecf 
vehicle steering systems. It is generally* caused by a bent wheel or some- 
thing about the wheel and tire that is not in "balance. If the bent or .but of 
balance condition is not bad, no shimmy is generally noticeable ofh the 
steering wheel,. * However, if any steering parts are toose, aTslight' shimmy 
dan Qause'a serious steering problem. The loose parts allow the shimmy 
to become worse* As a wheeled vehicle mechanic, you can often stop most- 
shimmy byrepairing, adjusting, or replacing loose part^. 

. a. Shimnpy can also become worse if the front-end alinement is not 
correct. ' This*, we have learned, with the exception of toe-in, is a job for' 
support maintenance personnel. ^ 

b. Shimmy can al^so be quite noticeable i£ the shock absorbers are 
worn or weak. Shock absorbers can be rep^ced by organizational mainte- 
nance personnel* • ^ 

- / ' 

c # Another cause of noticeable shimmy is tires that af e worn uneven. 
.This is, especially true if the tires are cupped out. The only cure for a 
cupped-out tire is to replace it.S « 4 

d. When you afrjs looking' for lodse parts, don't forget to include the 
wfteel bearings. You will have to 'Jack up each wheel arid check the adjust- 
ment to see if the wheel bearings are loose or tight. 

* * * 

17. LOOSE STEERING. JWhen tfrere is excessive play in the steering wheel, 

the vehicle is said to haHreUoose*^teering. , Loose steering causes the , . 

operator to continuously fight the steering wheel. 

" • t ^ . * * 

jr. - »t 

a. .Too much play.ii the steering system can b.e traced to many parts. 
A good way to localize the trouble is to first turn the steering wheel to the 
midgosition or high ROint. Then have someone rock the steering wheel back * 
and forth. The steering wheel movement should be just the distance of the ' 
frep pl^jr or until resistance is felt in each direction. Look at the linkage, 
starting af the pitman arm shaft. If |he pitman arm shaft does not move 
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when the steering wheel is turned, the excessive play is in the steering gear. 
If the pitman arm shaft moves, - follow this' linkage until you find where the 
excessive play is located. * * * 

* * * * ' 

b. - Don't forget to look for loose mounting bolts.* This includes the' 
front axle -to -spring U-bolts and the spring hanger bolts or rivets. Remember 
any loose components can cause loose steering. ' 

c. You should remember that a loose steering gear assembly can pause 
a vehicle to over steer. The vehicle turns shorter than the operator Wants it 
to turn. This unwanted steering factor is called drive. 

^ d. In reviewing the various troubles you will be troubleshooting, one 
thing is evident: many of the troubles or unwanted factors can have the* same 
cause. Do not start repairing or Replacing* parts until you are sure where 
all th6 trouble lies.. Sometimes you williind that one loosfe part is causing 
more than one trouble. 4 'Other times youxpay find you have to repair or 
replace'more'thah one part to porrect one trouble or problem. 

. SECTION V. CONCLUSION 



/ 



,18. SUMMARY. Steering linkages don't really have too many parts, but they 
are mighty important bneS. Probably'a good inspection is one of the most • 
important maintenance auctions you can perform on these parts. As a wheeled 
vehicle mechanic, you are authorized to repair or replace most wheeled vehicle 
linkage parts. During this lesson you have learned the procedures for in- * 
specting, adjusting, and repairing the steering linkage of r/4-ton, 2-1/2- 
ton, and 5-ton trucks. These linkages are representative of steering linkages 
on most wheeled vehicles. You also' lear'ned of some of the problefms found 
in wheeled vehicle steering* linkages. Armed with the information gained in 
this lesson, you should have little, trduble troubleshopting steering systems, 
to include power* steering linkage.' 

19. PRACTICE TASKS. The' appendix of this lesson contains a list of tasks < 
• associated with steering linkage maintenance. They are representative of 
the tasks you>vill be required to perform as a whealexL^ehicle mechanic. 
Perform ali the tasks listed* Be sure you are under the supervision oi 
ail officer, f NCO, or specialist who is qualified in the MOS when you prac- 
tice the tasks*. If you find you are having "difficulty in certain, tasks , 
restudy the apprQpriate training material and practice the taskS until you 
become proficient iji each one. 

' \ . - . 
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EXERCISE * ■ . c2d/ 

Note . - Questions 86 through 93 apply to the 1/4 -ton truck M15J. 

I , ^ . < 

86. Which maintenance step should be performed fir'st on*tftie steering linkag 

a. Inspection of th3 entire steering system 

b. Repair or replacement of all defectiv e^pa rts 

c. Adjustment of^e front wheel toe-in 

87. Which statement is true in reference to inspecting the steering linkage? 

a. Lubricate all steering components before an inspection is -made 
4 b. A good method to find looseness is to jack up both frdnt wheels and 
tires, and then rock the s teering wheel 

c. If the steering gear ijs^fotfnd to have too much slack, support main- 
tenance should be notified v ^ 

88. Wh^t action should a wheeled vehicle mechanic take if he finds a bent 
tie rod on the left side? * 

a. Notify direct support 

b. Straighten out the bend 

.c« Replace the bent part * ' 



89. Which steering linkage condition can cause the right end of the pitman 
arm- to-idler arm rod to move up and down excessively? 

, a. Worn idler arm bracket bushing 
b. Loose right spindle arm 
Jfc c. . Stripped pitman arm spline \ 

90. What is used to retain the idler arm bushing in the pitman aryw to -idler 

• arm rod? ' * A ] 

* 

a. «Threads • 

b. Snapring * 

c. Coil spring 
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91 ♦ What must be replaced if the tie rod end that connects to the pitman arm 
is worn excessively in the ball socket? 

v * •" 

a, Pi^min arm-to-idler arm rod 
b*. Left tie rod assembly * > * , 
c. *'Pitmaii arm assembly 

92. How far should'a replacement tie rod end be threaded into the adjustment 
sleeve? v 

a* Until it bottoms against, the opposite tie rod end 
> b. 'Equal distance of opposite tie rod end 

c. Use up all threads -on the^ replacement tie rod end 

93. You have just adjusted the toe-in cm a 1/4-ton truck to the correct 
specifications. After driving the vehicle, forward a few feet, you again 
check the toe-in and find it to be wrong. Which condition can cause 

* this problem? ' * 

a. Bent tie* rod 

b. Loose wheel bearings 

c. Worn steering roller 

Note. - Questions 94 through 98 apply to the 2-1/2 -ton truck M35A2. 

94. The drag link ball' sockets are adjusted properly when the adjusting plug 
is turned until it bottoms and then 



a. tc'rqued'to 30 - 35 Jb-ft. 

b. turned back one full turn. 

• 4 

<r. turned back to the first or second cotter pin hole. 



* - ~*95. x Kow^can a worn drag link ball be detected once the tall socket is ' 
adjusted? - » \ 

a. Ste^Ang wheel is hard to- turn-on each side of high, point 

b. BalJ socket %a too loose when front wheels are not pointing 
V straight ahead 

^c. Steering. wheel turne too hard when the high point is crossed 

96. In which direction does a properly installed pitman arm point when the 
steering gear is in the midposition? 

» • 

* * * 

a. Downward . 

b. ■ Upward ' 

'c. Forward & 
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97. Which is the correct method; to change the amount of toe-in? ' £A 

«' / • & - • • 

Disconnect and turn orfe t>e rod end in the tie rod 

^ ^Turn the entif-e center section of the^tie rod. ' l ^ ^ 

c. Remove the tie rod temporarily and turn each tie," rod end in 

the same directipn an equal amount ' * f *• f 

98. Measuring between.two pencil lines will provide a more accurate ; toe-in/ 
measurement than when using a* toe -in gage if the vehicle has / 

y a. loose Wheel bearings. / 1 

b. bent wheels. ^ 

c. worn' tie rod ends. 

< 

Note. - Questions 99 through 102 apply to the 5-ton truck. .'/ 

A 

99. When assembling the steering linkage, the rear end of the Wer drag 
link connects to the ball stud on the 

a. relay lever. 

b. pitman arm. ' 
•c. steering armt 

100. Which statement is true in reference to the maintenance >of steering 
gear components? < 

♦ a. fahe relay arm ball studs can be replaced without replacing the 
entire relay lever" * ^ * s * 
b. The; upper drs^ link is positioned properly When the end with the 
Closer ball' stud holeVis* connected to the relay lever . f 
♦ . c. A flat or worn.pitman arm ball stud can be repaired properly b}\ 
*/- ,4 filing down the side i^St^ the^ball is .agaiij round 

101. What fits in'the, ££oove that is*cut across the outer end of the relay 
.lever pin? 1 



a. , Half moon key, ° " 

h." Tie bolt ' : v \ * 

c. Snapring r 

. ** < 

102. Which toe-in measurement, in inches,- is within the acceptable range " 
for the 5-ton truck? 

a. 1/32 

* ■ > 
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Note. - Questions 103 through 105 apply to troubleshooting of wheelefi vehic 
steering systems. ■ 

\ 

103. 'During an inspection of a 2- 1/2- ton truck you find that both frort 
tires have only half enough air pressure. If these tires arelef: in 
this condition they will cause an unwanted driving condition called 

a. shimmy. 

b. loose steering. 

c. hard steering. 



e 

vehicle 
e/side 



104. As a wheeled vehicle mechanic, you are tryiiig to locate the caxjise of 
a, 1/4-ton truck M151 pulling to the rfght. An inspection of the 
shows the caster and camber adjusting shims are missing on oil 
of the suspension due to a loose bolt* Which action should you pake -to 
correct this problem? c 

a. Notify support maintenance of the condition / 

b. ' Install new shims and tighten the bolts securely 

c. Tighten the loose bolt and see if the vehicle still pulls 

105. A 2 -1/2 -ton cargo truck operator complains that his truck pulls] 
first to one side and then to the Other side. An inspection- of th< 
truck shows all of the following things wrong^ Which one is mo; 
likely causing the operator's problem?- 

a. Load of five drums of oil free to roll in cargo body 

b. Both front tires severely cupped out 

c. Shock absorbers* leaking^dn both front wheels 



x 
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Key, 


Item 


Key 


Item 


A 


Idler arm naoantinrg~bra*clcetr 


F ■ 


Adjusting screw 


B 


Pitman arm-to-idler arm rod 


G 


Steering gear assembly 


C ' 


Steering column 


H 


Steering pitman a*m 


D 


Steering wheel 


J 


Spindle arm tie rod 


E 


Steering column -to -dash 


/ 


assembly 




panel bracket 


K 


Spindle arm^ 



Foldout illustration No 1. Steering linkage components, 

1/4 -ton truck M151. 
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RESPONSE 
NUMBER 


t 


100 


Para 9b 


101 — 


Para 7 


103 


Para 10 


104 


Para 2 


106 


Para 4a 


109 


correct; 



1 10 
112 

113 
116 

117 
119 

122 

123 • 

124 ' 
127 

129 



RESPONSES 



<worm and roller at the imposition of the 
steering wheel s" travel / 



P^a 7a through 7c / 

CORRECT.. Providing that, the two items^'compared 
are of the same design,. -such as .gear or' vane. 

Para 15c °- 

CORRECT.' But, remember, that the teeth oWthe 
sector cpnsist pf a double-toothed roller a 

'Para 12b 

CORRECT. This shape reduces the"* chances for^ air 
being pumped into the system caused .by the tip of 
the syction line becoming 9 uricovered«.due to 
sloshing of the liquid.- • . • 

Para 14b(2) • - 7 

Para 4a 

Para. 2 



V. 



CORRECT. This lengthens ,or Shortens the' tie- 
rod -r-depending on the direction it is turned. 
Pne direction increases the toe-in, Whereas the 
other direction makes the toe-in less. " 

• ** 'y ' 

•Para 13a ?%',•'.' > 



/ 

I 



n«nJ^nh r ^ P °;S e iS * " 0t listed C0 ™ E ™ > W*er to the indited 
paragraph for the proper answer. ~ • 
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CORRECT. "This is the exact middle of the recora- .* 
mended toe-in range* The wheels can also have «• , x> 
1/16 inch less qr 1/16 inch more toe-in and still, 
be within the recommended' toe-in range/ .« ^ 

Paha 3a . • 1 - ' 

Para 3a(4) # - 

i 

Para x 3e , 

Para 9 ^ 

CORRECT. Being mounted in this position allows 1 

the engine to operate the pump using V-belts. ^ 

C0flRE<3&. .This is directly (^eteVrained by how fast 
the pump is being driven. ^ 
# * 

Para 2a through 2c . 

CORRECT.^ This type of steering gear is commonly 
used 'on larger trucks and often contains two 
studs that engage .tpe cam to 'make it Wronger. 

Pari 2b M 

Para 7 * 

CORRECT. It's the only safe way to solve the 
problem. tfi*h human lives involved, we can't* 
take a dhan\e ^on questionable steering pai«ts. 

Para 5b < " > • 

CORRECT. Providing there are no b6nt parts, it 
will be in ,this position any time the front 
wheels are 'pointing straight ahead.' This is true 
even if.it is improperly^ -installed on, the, shaft; 
however, the steering gear would not work as it 
should^ unless it is installed properly. - % 

CORRECT. *The valve is concentric .with- the input' 
shaft and lofcated on* the steering gear. 

Para 3b/ r 1 ' 

Para 10 * x . 

Para 5 " s 

Para 3a(£* ; * 
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173 Para 9a(6) 

175 >\ CORRECT. You should first determine the condi- 

tion of 'the overall system. •+ 

177 • CORRECT. The symbol for this part is used" in 

v - / hydraulic circuit diagrams just like the symbol 

for a common ground is used in electrical circuit 
diagrams. . 



178 

* 


X Para 12 


179 


Para 9b(4) * . 


181 


* Para 6a and. 6b 


184 


* 

Para k 


186 


• ' 'Para 10b 


I- 188 - 


Para 13 


* 191 


CORRECT. You- < 



of the .vehicle. This is a dangerous situation 
and ^ the problem should be corrected at once. 

192 CORRECT. The wheel spindle will be pointed 

4 « .downward, on its outer end,, thus placing ftie 

center of the tire more nearly under this / 
bearing. • ' 

194 - CORRECT-. « Adjusting shims are located between 

this^it'em and the -steering gear - housing. 

195 Para 4 

197 * CORRECT. - TO have complete -control of raaximunr" 

. pressure, however, the valve, -must be capable of 
bypassing the entire output of^the supply .pump. 

199 Para 10c 



200 

202 
'204 
205 



CORRECT. Flow through the valve in another 
position ia shown by just imagining that another 
section of the symbol is placed -.between the 
lines. 
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Para 6 

Para 8e % 

Para 5d 

Para 7-b * * 

"Para 11 • " ' . . 

Para 11b , 

CdRRfeCT. This diagram usually consists of an 
outline of the vehicle showing the parts in the 
exact spots where they are located. 

Parra.8b(1) * 

CORRECT* Remember, .the pressure per square inch 

is distributed the same throughout a confined 
liquid, * s *~ 

CORRECT, A vehicle with this part worn and a^ 
.right wheel out of balance can develop 3 
dangerous shimmy condition. This condition can 
&lso cause extreme tire wear. i -* * 



\ 



Para 5, ! 

Para 5c t s 

Para 8a through '8c 

Para I4d(4) • .* 

CORRECT. This item is extended* hydraulically "and 
retracted by spring pressure or the weight of the 
work, - 

Para 5 

Para 5 f \ t * 

Para 2b 
Para 4 

Para 13b , ^ 



Para' 8b 



v 



Para 8a . * ' ^ J?>// 

CORRECT. , There are- many other causes for this 
condition — one of ' them* beingS lack of lubrication. 
When you find th'is condition ,, use the method ~ 
described in the lesson to isolate the trouble." 

Para 3 . • . , 

CORRECT. ^This causes an automatic 'steering 
effect that is in' the direction the' vehicle tends 
to go. That is,- in the direction of forward 
momentum, with a crosswind, and' down off the road 
crown. - 

CORRECT. This pushes 'the wheels farther" apart at 
the rear and Brings them closer together in ' the 
front. \ \ , \ V ' 

^CORRECT,. The highest pressure is ^obtained when 
-ti?e #h£el Is -held against the steering s^op, but 
■f& should only be held there momentarily. 



Para 6a 
Para 12b' 



CORREtT. By using this method both ends will* 
always be threaded in" the same distance.- This 
gives' equal strength in* the threads of each-tie^ 
rod, end. ^/ 

Para 8c* .* 

a • , 

Para 14d 

» * • 

v ■ » 

Para 11 » 

* * < 

CORRECT* The liquid generally consists* of 'a 
Blend of different substances instead of just oil 
by itself. : < 

Para 6 

Para 5b 

Para 15c 

CORRECT. You are not authorized toTmake any'.' ' 
adjustments except toe-in on this vehicle. 

Tighten the loose bolts' and make a temporary * 

toe-in' ad justment before, the vehicle is driven. 



5 



Para I4d 

Para 3b (4) and 5c 
Para 15c 

Para 8a ^ ^ ^ 

CORRECT.' Both valves are check .valves which - , 
alio! t^he liquicj to flow in one direction only. * 

Para 7e 

» 

Para 3a " : 

Para 6 

Para '7 ( . - 

Para^bO) ' • ' 

Para 14a 
Para 2b " 

CORRECT, Ifrthe pin is positioned properly, the 

retaining device should pass completely through 

the .bracket with a light push from the fingers. 

Para 5 - 

Park 3a(Sj) ~ 

CORRECT* Remember, however, that the piston 
movements are computed from the piston areas-- 
not their diameters. * 1 . 

Para 4k 

Para 8b(1) ' 

Para 8 

Para 15c * 

CORRECT, This symbol shows that the only purpose 
of the line is to drain or return liquid to the, 
reservoir. * * 

CORRECT. A decision will be made at this level 
as to what should be done. * 



213' 











V 

« i 




* 

) 
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Para. 15c . <3l35 . 




326 


Para 3a ' " - - % 


1 


328 


Para 10b* . \' 




330 


CORRECT.* Tlii^is so steel balls will fit in iftie 
threads* . 




342 


Para 6d jj£ 




333 


Para 5 




336 


Para. 12 




339 

/ 


CORRECT. . Due to slight differences in rupunting 
and adjustments .on some, trucks, the power piston 
- may travel far enough in the full left turn posi-? 
tion to expose a port in the cylinder wall, thus 
allowing the escape of hydraulic pressure. The 
pi^re of iron limits the piston travel. t 




341 


Para 12b ■ * 




,/ 342 


CORRECT. In comparing a hydraulic system- to an , 
electrical system, this unit will be comparable 
to the battery. • 




• 344 


"Para 9b * * • ^ 


• 


" 347 


Para 13a . 


* 


34§ 

* 

350 


CORRECT. This gives the wheels negative faster 
» and will also cause the vehicle to tend/ to steer 
up the road crown. J 

* CORRECT. Remember to take the reading with the 
spring scale hooked to the^spoke at the rim of 
the steering wheel. *. 




3$2 


Para 3e •* — — 




356 


Para 12c j^/v-^ 




35# 


CORRECT. Remember 1 , » the adjustment must be locked 
in place with a locknut. 1 


V 


360 


Para 14a(3) * . 




362' 


. CORRECT. Liquid flowing through this valve, * 
regardless of the amount it is opened, wears 
against the entire • sealing surface evenly. 

• 
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Para 3b 



CORRECT. This causes the hydraulic steering to 
act just like a turning effort was bein£ .applied 
,to the> steering /wheel 

Para 3b(H) and/5c_ 

Para 1H 

CORRECT. Replacing^this part also provides new 
mounting points for two tie rod end ball studs 
and an^idler arm 6ushing, 

Para 5d 

Parta 6c 



Para 10/ 



CORRECT. »' This is information -that the mecttani9 
must know in order *to -troubleshoot the system. 

CORRECT. Mechanical advantage is ala©- gained 
mechanically by the leverage * of the (jack handle. 

CORRECT. .This makes it impossible to ty 0111 ^ the 
pitman* arm pointed in the wrong direction. 

"ORRECT.. 1^ will supply liquid flow under 
pressure to* the system any time a condition 
exists that* lowers the main line pressure. ' 

Para 3a(8) 

i ^ 
C0RRECT v . Most of the wear occurs when the wheels 

''are straight ahead. Therefore, when the joint* is 

adjusted in this ^position, as it should be, it 

will be too tight when the wheels' are turned away 

Crom straight ahead. 

Para 7 N 

CORRECT. If the relief v^lye^is a separate com- 
poneht 'it\ will have three lines connected 0 to it: * 
incoming and outgoing high-pressure lines and a 
relief line to the reservoir./ 

*Par.a 14 * ^ 
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CORRECT. The two, parts 'are the steering arm and 4 * 
wheel spindle. * On a turn the angle % formed by 
these items causes the inside wheel *to pivot more' 
than fche- outside wheel. 

CORRECT. Remember, jihe shims copie in various 
thicknesses go the adjustment can be accurately 
made. 

CORRECT. This steering gear contains a bearing 
mountecf roller that meshes with the threads of 
the worm. * 

Para 7g and 9 

CORRECT. If the problem is not real bad and <the 
steering parts are tight, P it may not be, notice- 
able on some vehicles. However, in time the, 
steering will loosen up due to this condition. 

CORRECT. They are. right-hand while the one's 
inside are left-hand. Tfte .right-hand ones ar.e 
very coarse and have a self -cut ting feature to 
help during installation of a new* part. 

Para 7 . 

CORRECT. By disconnecting thfs item at the 
pitman arm, the load is removed from the gearbox 
so any slight drag can be felt when making the 
adjustment. — * e 

CORRECT. This level will assure complete filling 
of the hydraulic system. and also allow for any 
oil expansion in the system. 

Para 2a through 2c 

Para 15c 

Para 9 

Para 7&k, 

Para 2 

CORRECT. There is a seal, at each end of the worm 
shaft and another at the outer end of the pitman 
arm shaft. to 

Para 3a \ 

t 
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CORRECT. This-, provides *the same' leverage when 
turning either -to the right or left. 

Para 7e 

Para 4 

Para 9 

•CORRECT-. In this\ steering gear the worm is 
called a cam and the sector a levenl£ • 

CORRECT. The, wired to this item pass under the 
steering gear shafu and must be remgyed^ in order 
•to move the wiring harness out of the way before 
removing the steering gear. x 

Para 5 and 15 

CORRECT. This valve ^4n\ be quickly changed from 
one extreme to the otherj because of its simple 
desigo. 



50. Jf^~~ 

7g and 9 



Para 
Para 13 

Para 9b(1) and (2) 
Para 2b 



CORRECT. Actually, this part is only compared to 
about 1/6 pf a nut. 

Para I4a(3) s v 

CORRECT. The changing of vehicle loads and 
twisting of the vehicle over rough ground can 
leav$ this assembly out of alinement. 

CORRECT. However, the front wheels should point 
straight ahead and the steering wheel be in • . 
midposition before installation. 

Para 3g(6) 

CORRECT. This is shown by the 4 ar raw inside the « 
rectangle being out o£ line with the 'connecting 
lines. 

Para 8b ' . 

Para 14 * 
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CORRECT. This eliminates any A binding and, due to 
the- spring ijiaide, still maintains a joint with 
.no slack or free play^ • 

Para 12c : ' 

Para 11 ' 



Para 13b 

■ • ' « 

Para 7e and 7f 

ts • * 

Para 13 ^ 

Of 

Para 3a(2) / 

CORBECT. The^ farther away the tire contact is) 
moved from the steering knuckle pivot, the f 
greater the road shock transmitted. This is ^ 
because the wheel, tire, and spindle act as a 
lever; and t^e longer the lever, the greater the 
force sent' to s the suspension and steering 
o linkage. * < 

Para 3e 

Para 8c ^ ~^ 

/ Para 14b 

< 

Para 11b 

CORRECT.* This is because the liquid pushes on 
twice as much area in piston B as it does in 
piston A. m * 

Para 6 

CORRECT.* This system permits each front wheel tp 
pivot without moving the front axle. 

Para 2 - , 

^Para 7 

„ CORRECT. The piaton rod pushes dirfectly v on one 
end of this item providing a power assist, while 
mechanical force supplied by the driver is 
applied to its opposite end. 



. CORRECT These items; extend through the center 
^Of the wheel hub and the wheels revolve around 
them.' , 



493 
.496 
497 
498 
500 
50,1 
502 



■r 
\ 



Para 3 " 
./Apara 4b(2) 
* tara 3a(4) 





508 

510 
512 

513 
516 
518 
520 

521 

522 

523 
524 
526' 
527 



.CORRECT * This would:' have the same effect as^ worn 
linkage parts between/the pitman arm shaft and 
front whee.ls. This-* J type condition allows the 
distaneejbetween the .front wheels to change, 
whichr^herefore, changes the toe-in. 



Para 10f * . 

CORRECT. This does not prevent the nut from 
being removed at a later date. 

CORRECT. This permits the mechanic to install it 
in the correct position even if some of the other 
parts are slightly out of line or bent. 

Para 14 



Para 14 b , 
Para 3g(6) 

Pstoa 4 . • 
Para 6a and 6b , 

CORRECT. This retainer must be removed before 
*the born button can be pulled from the steering 
wheel . 

CORRECT. This is one reason for keepihg the 
liquid at the proper level. 
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Para 10 



CORRECT. Remember, the steering linkage must be 
disconnected from the pitman arm when making this 
adjustment. . 

Para 3b 

_£ara 3g ^ 



CORRECT. Liquids can furnish a solid connection 
between two remote cylinders because of this 
characteristic. ' 

t. ' \-' • <? 

Para 1V «V< 
Para 4b(2). 
Para 2b - 

CORRECT. Be sure that the hollowed out (concave) 
side of this part is facing the ball stud once 
the link is installed. ^ 

-Para .11 

Para 5d 

CORRECT. This way the_compression springs wjll 
be on the correct side of the ball, and there 
will also .be the correct amourft of clearan^ 
betweeh the forward ends of the draglipks. • 

Para 8c •• •„ - 

^Para 3a(9) 

Para 6d . . 

Para 9a(6) 

CORRECT v • .Equal distribution of weight is 
important- if / the. vehiole is to, steer tforrectly. 
If the load shifts -to one side,, the vehicle will 
probably pull to that side. s . Always matfe sure the 
load is secured, before moviqg the vehicle. 

CORRECT. It is closed by a combination cff 
reverse flow and spring pressure or gravity. 

Para 9b(4) .5 ■ 
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CORRECT. • This pressure test gage ip a . competent 
of a' set that ds designed for '-the task and'ik*' / 
available at support maintenance , 

Para .14 

+ » 
Para 8c. , ' 

CORRECT. The angles for these two alinehefit 
TaetOTS~are determined from .the same viewpoint , 
and both are measured in degrees so that they -carf 
be easily combined/ A front wheel alinement ' \ "~ 
specialist often -uses the included angle' to find 
out if the wheel spindle is bent. • T 

Para 9b(D and (2) \ ' , ' ' * 

CORRECT. This maintenance function on 'iihtas ; ' 
particular vehicle is the responsibility .of a 
higftef category of maintenance. On some_ wheeled . 
vehicles,' you are authorized to check th$ adjust- 
ments; . however, actual, repair is' still made at a 
higher level. • # 

* CORRECT. The drag link end of m this part swingfe/^ 
in an arc to move the steering linkage ba~ck arifr • 
forth in a straight line. # * ' • ™ . 

Para 8a through 8c >v - • / 

Para 8 

^ * • ♦ 

Para* 2d ■* £ 

Para 12b . r 

Para 2 ^ 4 

CORRECT. This alinement factor is spokeif of in 
degrees and is the angle formed by two /imaginary* 
straight lines — otie through the center/ of the 
steering knuckle pivots and the other Straight up 
and down. ' 

CORRECT. Make sure that once the ball socket is 
properly adjusted a cotter pin is installed , 
through the 'drag link end to prevent the adjust- 
ing plug from backing oijt, § ; 

Para 5b . ' * * 




CORRECT . \Thre thrust -bearings at the ends of the«33/ 
cam are spring-loaded sb "that /some movement is 
allowed by compressing ,a spring whe'n fi turning \ 
•effort is applied to the steering wheel. 

CORRECT. Actually, this item is used, tol move the 
sector closer to or far'ther away from* the Worm.. 



Para 3 ' - J 



CORRECT.* Vehicles with a. front axle^'haye one-of- 
these parts . while those with independent su.spen- 
si<m have two* of them. 

b 

•Para I4b(2) \ 

Para 3a(1)(c) : >' * 

Para 6c - * 

Pa/a '13 - . * i • 

Para 5c < 

CORRECT. This part, 'however, provides rotary 
'movement onijp If straight linV movement is 
desired, a cylinder is used. 

• J ■ 
Para 10c * 

Para JOf f 

CORRECT. If .the steering arms point tp* 'the rear 
they are angled inward in- the straight-ahead 
position. This causes, thfe spindles to /travel 
different segments of an arc on turns, which 
pivots the 'inner wheel more than, the outer wheel". 



CORRECT. The lines you /are 'measuring are 
straight regardless of this condition. t This. - 
method is generally used in commercial shbps wh£n 
toe-in must be set to close tolerances. 

Para 3a(1)(c) - V 

•> * * 

CORRECT. But, Remember, it could also be caused * . 
by a defec A tive7Steering gear and defective 
steering knuckle- pivots. ^ * 

CORRECT. Th/s is an undesirable effect of this 
alinement factor. ' • v 

^ t 

Para 5 and 15 ^ J ^ ' # 

^% * . • 

-15 ' ' 
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- 629 
630 
631 
634 

635 
636 

• '637' 

' "638 

. 639 
642 

* J543 

644 

vW 

• 648. 
651 

* '657 
661 

" 662 
665 

669 
672 
. -'674 



f Para 4 

ParaVeSnd f 
,'Para 5b 



CORRECT, That is because this effect causes the 
front wheels to^ try to return to .the straight- 
* ahead- position after £ turn. 

** * •? ' 

Para 9* * - 

. CORRECT . Liquid under pressure is entering the 
"opposite end of the cylinder. 



mg frictign is 




CORRECT. This is because s] 
replaced by rolling fri<j££6n.° 

Para 8' 

Para 11 

Para 2 

Para 9b(3) 

Para -6a 

Para 6 4 
Para 8e " - * " 
Para 3b i 
Para' 3 " 
Para 8 " ' \ 



Para 3- 

P 

CORRECT. Two belts from the engine accessory 
drive rotate the double pulley .to drive the pump. 

Para 3a(2) 

. Para 3e * 

CORRECT. You must know just what the system is 
supposed to do and why each part is needed before * 
you can tell if the -system is operating properly, 
and, i^ not, whi-ch part is not doing, its job. 
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677 Para 6 [ ' *- <3o?3" » 



679. Para Ula 

682 ' Para 14' 

684 para* 2 

685 Para 11 v 
688 



699 

ft 



CORRECT. Although you may be tempte/ to discard 
and replace, only the felt pags, the dust shields 
/ • are also discarded -and new ones installed. 

690* Para 7a through c 

691 Para 3a : 

693 \ Para 11< . ' * ' $ 

694 CORRECT. The tips of the black triangles are 
pointed inward to show, that oil is forced ikto 
the unit. Two triangles show that the unit will 
operate in two directions. 

696 Para 5d * ▲ 



CORRECT. This' offsets problems cauared by uneven 
Wear on the worm threads. / 
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, .* • . MULTIPLE CHOICE 

' . X (See instructions on answer sheet, provided) 

Note , - Questions 1 through 3 apply to figure 1. 



Piston A 
3 Square Inches 



Piston B 
6 Square Inches 











i — ! 







Figure 1. 

WlmtH^the mechanical advantage ratio of the hydraulic system shown? 

a. 2:1 

" b. .3:i 

* c. 6:1 . » , ^ • 

d. 9:1 ^ f 

2. ^ How manyipounds of force will be pushing upward on piston B if a 
3 -pound weight is placed on piston A? 

**: + 

a. 27 .< * 

c. 9 • ' 

d - 6 ^ 

3. . How many inches will piston A move if piston B is pushed down 1 inch? 

«• 

b\ .3 . 
c. 2 • . 

. • d. a 

.♦*» 
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4. What action should the organizational mechanic take when kn inspeJtion^7 
reveals tha.t the steering gear is binding on a 1/4-ton truck M151? 

a* Replace the steering gear 

b. Notify support maintenance • 

c. Adjust the steering gear , 

d. Install new worm and sector shaft bearings 

^k. On which truck must the engine be removed before removing the 
steering gear? # 



a. 
b. 
c. 
d. 



5 -ton with a gasoline engine 
2-1 /2-ton with a gasoline engine 
5-ton with a Mack diesel engine 
2-1/2 -ton with a multifuel engine 



6. What steering factor is measured in inches?, ' 

a. Toe-out , 

b. Caster 

c. , Toe-in 

d. Camber 

7. What type of diagram is the best aid to the. mechanic w^ien troubleshoot- 
ing a hydraulic system? ■ 

a. Block 

b. Cutaway 1 

c Graphical , 

d. Pictorial 



8. What is being adjt^fted in figure 2? 



a. Backlash 

b. s Cam" bearings 

c. Control valve 

d. Column alinement 




O*0 £21665 



Figure 2. 



'V - 
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9. * With the front wheels positioned properly, how should the steering 
wheel be positioned to install it on the steering gear shaft of the 
2-1/2- or 5-ton truck? * , 






d. 




Note* - Questions 10 through 12 apply to figure 3 which is axuexposed view 
of the HP 70 power steering gear. ^ 




10. 



Figure 3. 

* 

What item converts the rotating motion of the steering wheel to a 
back-and-forth motion? 



a • 1 
b/ 2 

c. 4 

d. 6 
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11. What item meters the flow of oil' to and from the powe* - cylinder ? 



a. 4 

b. 3 

c. '2 

d. 1 



12. What item converts hydraulic pressure to mechanical force for turning 
the wheels? 



a. 2 

b. 3 

c. 4 

d. 6 



13: When will a slight oil leak in the power steering prestfufe'hose be easiest 
. toMocate? 

a. After the vehicle tes sat for several hours without running ' 
% 9 so the oil is cold 

b. Immediately after a road test when the oil is hot 

* c - % When the steering wheel is held against the steering stop 
with the engine running 
- d. When the steering control valve is in the neutral position 
^with the engine running " 

14.. What is caused by an improperly adjusted steering control valve on 
. the 5 -ton truck? f . t - 

*a. -Pulling to one side 

b. Uneven tire wear 

c« SHimmy of front wheels 

d. Weaving back and forth 

'* " * 

15. What is the likely cause of steering drive? 

a. Unbalanced wheels 

b. Loose steeting gear mounting .bolts 
c*\ Pitted steering gear worm 

d. Misalined column jacket ^Tj 



\ 
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16. What should fee replaced if the power steering relief valve is defectiv^^^ 
on a 5 -ton truck equipped with a Mack diesrel engine? * * 

. a. Steering gear 

b. Hydraulic pum£ 

c. Control valye * ' 

d. Power cylinder 

17* What is the lowest category of .maintenance authorized to adjust the 
Steering g e ar on a 2-1/2 -ton truck? 

a. Organizational 

b. Direct support 

c. General support 

d. Depot 

Note. - Questions 18 through ?1 apply to^igure 4 whicb is a schematic 
diagram of the HP 70 power steering hydraulic system. 




Figure 4. 
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18. What item is most likely to be at fault if the hydraulic pressure is I 
too high? t t 

a. 1 . ' » < . . 

b. 2 

c. 4 't 

d. 5 * 

19. What condition will allow liquid to flow freely from thi pump to the 
reservoir? * 

a. Vent liAe disconnected 

b. Cylinder fully extended 

c. Control valve in neutral 

d. Relief valve in normal position 



20. To what part does liquid flow after flowing through the relief valve? 

a. Pump 

b« Reservoir 

c. Control valve 

d. Power cylinder 

21. „ What occurs when the control valve is shifted to position A? 

a. C^yHnder extends 

^ b. Relief valve opens 

c. Cylinder retracts 

d. Relief valve closes 

22. The relay lever of the steering linkage on the 5-ton truclc is secured to 
the relay lever bracket on the frame with a {lin. If the relay lever must 
be removed, what is used to pull the pin? 

a. Capscrew e J 

b. Puller ' \ 

c. Brass drift 
Hammer 

23. What construction feature of the drag^link used on 2-1/2- arid 5-ton 
trucks can be used to identify the front end of the drag link? 

a. Location of the ball stud opening 

b. Right r hand and left-hand threads at the ends ' 

c. Size of the ball seat opening 

d. Angle of the bend at each end 
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24. What statement is true concerning the drag link adjustment of the 2-1 /2-*^* 
and 5-ton trucks? „ * 

a* Lock the adjusting plug when it is screwed in tight 

b. Screw the adjusting plug in tight and then back it out-1/2 turn of less 

c. Turn the steering wheel in both directionsfto free the ball and>tjien 
lock the adjusting plug 1 

d. Tighten the adjusting plug until a slight drag can be felt while 

. turning the steering wheel - • 

* • tf 

25. What is the proper procedure for decreasing the cam end play of the 
steering gear on the 2-1 /2-ton truck? 



a. Remove shims from between the gear housing and upper cover 

b. Replace the steering gear bearings 

c. Turn the adjusting screw in the^side cover clockwise 



d f Tighten the adjusting plug until it bottoms 

26. When removing the steering wheel on the 2-1/2-ton M35A2 truck, how 
is the puller attached to the steering wheel? ' 

* <■ 

a. Hub of puller is bolted directly to the hub of the steering wheel 

y b. Hub of pulle? is bolted to an adapter plate under the steering 

<r wheel hub 

c. Hooks of puller are hooked to an adapter ring under. the steering 
v wheel spokes 

d. Hooks of puller are hooked under the hub of the steering wheel 



27. What must be drained when replacing the power steering cylinder on 
a 5-ton truck with a HF-64 power* steering system?. % 



a. Hoses 

b. Steering pump 

c. Steering gear 

d. Control valve 



-0 
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Note. - Questions 28 through 31 apply to figure 5. It is a diagram of the 
steering system for the 1-1/4-ton tr»uck M715. 



FRONT 




Figure 5. 

28. What item conyerts the output of the steering gear to a motion that will 
force the wheels right or left? 

a. 1< 

b. 2 

c. 3 ■ « . • 

d. 6 

29. What is done to increase toe-in? 

a. Lengthen4tem 3 

b. Shorten item 3 

c. Lengthen item 5 

d. Shorten item 5 



30* What alinement factor will be affected if item 4 is bent? 

la. Caster 

b. Camber 

i c. Toe - out : 

d. Kingpin inclination 
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31. Vnutt part, if worn, will cause too much-slack between the steering wheel 
^P'the left front wheel but will not cause slack at the right front wheel? 



a. 8 

b. 3 - ^ . • 

c. 2 

d. 1 



1 X • 



32. The toe-in must be adjusted a|ter replacing which steering linkage 
part on the 5-ton truck? / 

a. Lower drag link , 

b. Relay lever 

c. Tie rod end V~ 
4. ' Pitman arm 

33. Which steering linkage part is turned clockwise (left-hand threads) 
when removing it -from a 1/4-ton truck M151? 

* < 

a. Drag link end nut 

b. Steering arm 

c. Adjusting sleeve clamp bolt 
' d. Idler arm 

34. What should'be done if the front wheels of a 1/4-toh truck 1^151 are 
pointed slightly to one side when the steering gear is at midposition? 

/ 4 . 

• a. Reposition the steering wheel on the steering shaft splines 

b. Shorten one tie rod and lengthen the other one 

c. Remove the pitman arm and install it in a different position , 

d. v Adjust the worm bearing end play and fehe worm anct* sector 
j backlash * 

35. The toe-in gage must be between the wheels and at what location in 
relation to the front axle when reading the-amoiint of, toe-in? 

a. . Top 

b. Bottom 

c. Front 
^ d* Rear 




4 
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